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International application No. 
PCT/JPOO/05599 



International filing date (day/month/year) 
22 August 2000 (22.08.00) 



International publication date (day/month/year) 
Not yet published 



Priority date (day/month/year) 

31 August 1999 (31.08.99) 



Applicant 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "NFT appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 1 7.1 (a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 1 7.1 (a) or (b). In such a case, the attention 
of the applicant is directed to Rule 1 7.1 (c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR M appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 
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International application No. 
PCT/J POO/05599 


International filing date (d a y/rno nth/year) 
22 August 2000 (22.08.00) 


Priority date (day/month/year) 

31 August 1999 (31.08.99) 


Applicant 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,KP,KR,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Offtce(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AE^G^UAM.APAT.AZ^^BB^ 

FI,GB,GD,GE,GH,GM,HR,HUJDJUN,lS,KE,KG,KZ^a^ 

MW^X^^NO^OA^UPT^O.^ 
The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
08 March 2001 (08.03.01) under No. WO 01/17149 

REMINDER REGARDING CHAPTER II (Article 31{2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 



REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/lB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 
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Tama-shi, Tokyo 206-0034 
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Applicant's or agent's file reference 
2F00010-PCT 



IMPORTANT INFORMATION 



International application No. 
PCT/JP00/05599 



International filing date (day/month/year) 
22 August 2000 (22.08.00) 



Priority date (day/month/year) 

31 August 1999 (31.08.99) 



Applicant 



MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. et al 



1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the followinq 
Offices of. its election: a 

AP :GH,GM,KE,LS,MW,MZ,SD,SL,SZ,TZ,UG,ZW 

EP :AT,BE,CH / CY,DE / DK / ES,FLFR,GB,GR,IE,IT,LU,MC.NL,PT,SE 

National rAU^CCA^N^DEJL^^KR^MN^NCNZ^L^CRU^^S^US 

2. The following Offices have waived the requirement for the notification of their election; the notification will be sent to them 
by the International Bureau only upon their request: 

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM 

OA rBF^^CF^CCLCM^A^^GW^L^R^E^NJDTG 

National :AE,AG,AL,AM,AT,AZ,BA,BB,BR,BY,BZ,CH,CR,CU,DK,DM,DZ,EE,ES,FI,GB, 

GD^E^H^M^R^UJDJNJS^E^CKZ^CLK^R^S^T^U^^M^MD^CM^MW, 

MX,MZ,PT,SD,SG,SI,SL,TJ,TM,TR,TT,TZ,UA,UG,UZ,VN,YU,ZA,ZW 

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months from the priority date 
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing , if prescribed, a 
translation of the international application (Article 39(1 )(a)), as well as, where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Article 36(3)(b) and Rule 74.1). 

Some offices have fixed time limits expiring later than the above-mentioned time limit. For detailed information about the 
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume 
of the PCT Applicant's Guide. 

The entry into the European regional phase is postponed until 31 months from the priority date for all States designated for 
the purposes of obtaining a European patent. 
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(57) Abstract: A baseband signal generated from a received signal is compensated for propagation path distortion by using a prop- 

agation path estimate determined by a propagation path estimation/compensation circuit (104). The information bit string after 
£H compensated for the propagation path distortion is periodically sent to a hard decision circuit (107), and subjected to hard decision 
fH processing. The thus hard-decided information symbol is sent to the propagation path estimation/compensation circuit (104), and 
O the propagation path is estimated by using the hard-decided information symbol as a known signal, which is complex-multiplied by 

an yy\ -computed signal to determine propagation path estimate and to obtain propagation path estimation value. This propagation 

path estimate is substituted for the initial propagation path estimate. 
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zom^iz, temmiz - wsmi& 1 o 4 £&£>*ia<> • jits® 

**2 0 £©FFTffi*fcH»OTfcb<tt«$J£li!l&l 0 7*>£©fcB 

2 03^ «i»2 0 3*&©tBa"rfcsfc»s&if 

2 0 4 ^ fi«RJt«fcFF TiB*i:***«Htr*IIUW2 0 2 ££^tfo 
25 £fcs fc$!£it£ • ttflt ®B& 1 0 4 B\ FF T^Si»§§2 0 3MiI 
£12 0 2 fc^!5#;LTffi*>-f ££#>©*<< 0 5 F F TBS! 1 0 3 
•&©tH:&;atfUS>**2 0 lK:ttlWUfcFFTffi*.*tODfiftTIIII«2 0 
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6 

Sfes fe«$£«£r[§]IS&2 0 4&, EH5fcj5VrJ:3fcx 1/^**3 0 1 

ttftni&i 0 4fcae>nfc#^ m%FFT» £-ffftn§i2 0 3c 

Z<Db%. *>f**-2 0-5-2 0 7BU FFTffl*fcBJE»fcWflil?S2 0 3 
10 £A;ft£ft£>t»£*:£o :®eiB«*fiSs teSftBSJf Jt<ilM$T UBS 2 0 4 
©l/^X* 3 0 lfcte$rf 5» 

ft*S2 0 2 fc$S&*U *IHS2 0 2T-FFT 

tifcflMR^ >*jwm *> ite 
Ai#^>^tts €ctm«b£ • MiliisHi 1 o 4©ftJ?si2 o 3c$se>ft*, * 

25 fflV\ FFTffl*i:tt***1-*. FFTtH*ttl/S>**2 0 1fc 

«HWbT*<. Z<bm&. vf-2 0 5-2 0 71 l/*** 2 0 1 
LfcFFTm±>£tf»J£tti##Slg£§2 0 3fcffi*3ft*J;3fc3|*»*i: 



WO 01/17149 PCT/JPOO/05599 

7 

So 

. Z <D X o £ b T i'^iiFFTiBM HI? b T 

^iit^^«>i.o :o£x^e^ &vmm%.mmtt®jsi2 04 testis, 
5 301 ti««A$n^eiiu»(i£« mm) *Brra« 

vmmmmtfi* ts n% . c © «t $ cfisugsMrot & & * nfctitiB ^> > * 

DiliEIIIftl 0 5 C^tiSo 

IE* tlx *<0«s KDfcffllllg&l 0 6C&&*'u ^CTBDtftajtffrfcJv^ 

tttt) */B^T#»fce*»8i£fl[ (X) TfflMB*»^;H^n*Tfco^T 
T*«)fcea51ESm^ (Y) Ttt«S/>#;i/n+l~2n3rCfcoivTfc»B 
^T&8>tzBW.®m%.m (Y) ■etil*^»^;i/2n+l—3.n*-Cfcov^e 

M^fcbTa«"CftS*»%*JWrsJ:^fc:bT*m>« £ix£«fc!K giilfcfe 
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n*»*»**v^-c*^ esB»*ftfiT**i"c:, £3gB®i$n£ftc:au& 

5 " 50FD MSIE^t^ £«B&«i£fiS*r Qltt 2 0 4 fcfc 

id r*o 

H 8 ii, #3§BJl©fg&ifi©j&Ji 2 fc« £ 0 F D MMm<DfiiUBJt£ * 

;&« l/^X* 601^ 1/^^6 0 1 £«tt£nfc£ffi&ttM£fi&ffi 
15 ftftJRffr*JIUI96 0 3, 6 0 4 fc, #ft#H6 03,6 04OiI^ 

un*-r*iraii»6 0 5 ini?s§2 o zmtituvx* e o i tfemantzm 

3IiRSB6 0 2 i:£^t?o 

(£*r*t£4l) =Wx (Jg£S2 0 3ffifc) 

+ ( i -w) x ( i oa*ojft^«[) .«a ( 1 ) 

25 U 6 0 2 T-fcfc, &£®&ttBj&£ftt£fi££ 
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nft&icx fianaMiftiSffiiift 204 t aivca^ $*© (cd-ei* 1 o 

3 m*) £!Hlli§ 6 0 3fcffl*rra. 

(w) *aiRu MBmmm^mom^wciZ'o^xitmwme o 3izmtiLs 
ft*»6 03,6 04m *MnmRmffi%mtm&<teWB^* 
o s*ftit**ifc*n^n©e«K«»*irajiuTS«r-rafeifttt 

©T\ £©£l&i®}f^£J ; Bv^c:2:C < fc'K 7*^&&&&%ft* 

25 rs. 

12 9 lis *«W©H1II©^® 3C«50FD Mil<l£5©&lUS$£ • »» 
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£fcfci\ *>f 0 3 £1^**7 0 1 KJ|J¥&2 0 3ffi££&S#S2:ft 

*k eaw&itjfctttf 1^**7 o icatetu 1^**7 o ltts^tiSo 

10 y^7 0 3&¥fctfbg&7 0 2fc!HJM&2 0 3 ffi±r£i££#ffili:fc £ttE&H 
(Hm©^4) 

50FD M&£gB& fc*M»JtJ£M§r Bft 2 0 4 C£ 
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ei i o i±s *%w<Dmm(D%m4 tis o f vwmm$iW<Dfcm&m%. • *& 

flHRft**ra**#8 0 3, 8 0 4£s #fftH§§8 0 3, 8 0 4<Z>£*!S& 

^jn^i"^JnSt§l8 0 5^ m#S2 o zmtitvvx* 8 0 1 \ztm^fiit 

10 n > Jt?;i/^¥*Sflst* *¥*9<b» 8 0 6 i: £^tfo * fc> £«&S&ft£iIH£T[l] 
BtiU fc«B«t££[ (m^2 0 3tB*) *ft*S8 0 3{Cig^m*1-5^¥ 
*SflS«B8 0 6fciB*UTIHJ¥»8 0 3 CiH*-r***tSD»)«^«^-f y*-8 
0 7 

«f*ttSfi«BMt^tttt«lit«TiaS; (2) fcbfc#5o 
(H«fitJ£fl[) =Wx (TOfclsIB&iii*) 

+ ( 1 -W) x ( 1 o»£©«£tt) -a ( 2 ) 
20 C£T\ Wtt«*flWfC»Dx tf7#1rU:P«tf**3«R»8 0 Z 

^Ttf7**yr«fc*»#**-**.S. U7*fR«»Rtt8 0 2 

fe5a*«ft%aiRf So fc£s woi^oi^RtfH 1^ ftot * a 

25 Vv, 

Uttftfc* fiWMS^*3BBfia»2 0 4C^ , rtt^ lo 
51*©) £$S8SJf£ffi£l'^**8 0 l*6llllfS8 0 4tai*«. 
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*8 0 7ttft*S2 0 3m*%HI¥»8 0 3I:MI^j:^ filftBtt&tt 

#jstnsi8 o 3£si£>*i, jRiissoa-cM^wft^iiiw^ns. 

•»©««^>^ftffll>TfiW«l««[«*»fc»^fctt^ y*8 0 7 
5 ttJMtS2 0 3ffl;b*¥$fc»8 0 6CaSattJ12:&»K fc«#£5£fit#TO 
<b$8 0 6fca£&*u nS/>*;i/#©fia^&j£ttff¥$fc£*i*o ¥£Kb£ 

nfefiisss«i^ttii^ii8 o 3c»e»*u mms o 3t«^^^^^ 
tutur (w) *smru «ejRB«^flio^^ai*©fi*«jR 

C-3VvtttftJ*S8 0 3fcffl*U 3B*©fiatt*£ffl©**tottfco^Ttt 
JUH&8 0 3, 8 0 4Tft±x ^MixmfiilRB^tt07^tt^2:«® 

15 ew*i3feHfc»L-c«#ftB"*fftotu *©ts**«aaiiE»8o 5cm**ii 

^MM^* J ^^aQAM©i3{cSlB{wM^^tLTV^^^ TO-fb 
20 gP8 0 6Bu JS«©/Jx$&M^©fi*¥*Sfl:C^©&^«fc'5fcU Jn&&*t 

©fiJftttJte«f}t««[%|iJffltT«fLt^«BS«l«ttft»S©-es 
25 jeBlj*4»*ci:#T*«« *©ISJk J:D»*A<flMI-»^C»bTfi 
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0 2 fcftffl$S5MS#i:l/tCRC (Cyclic Redundancy Check) *£JH£A 

*««k5t:bTfc£^. ctittx CRC££fc«fc!>&b:mffl£*ifcW«£' 
_fc»<D4^».$._j;©fctJ:fB5$ (2) fc*»*«**fcWtt0_kft» o _ 

(HJS©»5) 

io tt-rs»*OFDMS/>^;u2:bTs Wlllloit^i^ifflT^ 
3 e Jlttffjfcfciu «Xll<D»SC{|ISOFDMlISllt:^Ttt> l/^X^ 

«©fi«^JfeltC»bT*©ll«'«B , JBW , r*o 
*ft«6©0«ifc:#S 0 FDMli^tOi^ eMUS • *t{*IIlB&W& 
15 fcWEfSJ&oj&B 1 fcPWre&S©-^ fefiJBSSif £ • WttlllRfco^-tflfcra 

El 1 2 t± N *SSIE ©HJfc©J$I8 5 fcft 3 0 F D M MM^g©£J&R}f £ • ffi 
«®R©l>3tBM&J&£ 3^1" 7u v 9 ®T*& £ o 
eftBtt£*4Mt@Bl 0 4fck FFTERl 0 3^e»©tH* (FFTttJ*) 

20 Mit^w^ii^ i o o i fcs hjws iooi ©m*> rft*> 

MItER 1 0 0 2 fc, fittftK&ttSiHB 1 0 0 2 fr£ ©Hi:*? £: F F T 

h Aits i o o 3 DUHi 1003 ©m*t?fe ifiJRK^is 

«^©«f«S/>5i«;i/*l&W"r*^y^^ 1 0 0 4 iu £ttE&£Mflt&©tSffi^ 

25 >^;i/fc?g*ij«iii8Si 0 7©m*2:©ia©ss**aj"rs«yHgi 005, 10 

0 6i:^tf o fi!Ktt£-ttftlilR10 4tiU FFTm**H»Sl 
0 0 3StF*#Sl 0 0 iraD#X.Tffi#T£fc#>©;W ff-1 0 0 7, 1 
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0 0 8£Wf£o ZZZ'IZs FFTffit, Wits aOTETOttH* C 

^®&mmi£Mw$\^\'8& i o o 2 au 013 c^-r* -5 k s &mm%m 
(**» 1001m*) zfewtz t&ts mmm 1103, 1 1 0 4 cm* 

5 « 1/5***1 1 0 1, 1 1 0 2£, MUSI 0 0 5, 1 0 0 6©iH;bfcM# 

&&£Hg-r*ftgff 1 105, 1 1 0 et. 105, 110 6©n 
nmmt\svz* 1101, 11 0 2iz%mviz&immMmb*m#tzm 
*s 1 1 0 3 , 1104 tz^tso tfcs etttttt^itxffise 1 0 0 2 i±s 
*j¥si 0 0 lmzuvz? 1 1 0 1, 1 1 0 2Rxmn&i 1 0 3, 11 

.0 0 4^©m*S«Jt)#^S^^y5 L l 1 0 7, 1 1 0 8£*ff£o 

.»«ia»i 0 4C386Jifc«. r«cb%FF.T.a*ttx *.-r**si 0 0 1 

fc»&*U JRJISl 0 0 lT'FFTHi*OI^J:Q^StrMMt©Ifife 

B **f **1 0 0 7, 1 0 0 8fciu FFTHJAmi^f^l 0 0 1 

KA££ft3#«I£i:£ 0 £<D&ftBtt£tt& filftBtt&ttJGBr BBS 1 0 0 

2<DUVZ# 110 1, 11 0 2{:-?nmit5o 

ttSifleieil 0 0 2®^yf 1 1 0 7, 1 108tt> tisiooiw 

1/^^1101, 1 1 0 2{35t?,tiS«Hl^ti)o 
» COeWMI^Itttx AMI 0 0 3fc&£*u ftMl 0 0 3TF 

F T m I m» t Q fifi^SV^* ^ > I £ Q Jig * 

fi«ttfi*H»4*«:*nfefll#^>^*x U5>** 1 0 0 4 fcttttrra. 
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tHmi< >X)\,m\±s I JEfefr#£MJf £ • 1#{i!IB§ 10 4 ©MUSS 1 00 5C 
5 Q^^MJt^ • HMEIgS 1 0 4 ©MUSI 1 0 0 6tzm<btiZo 

t *ifctii^> > * ;v© i t (Dmmft##8> e> *t> 

*©M#ffi#fc«5E&$£liiMfrIe]8& 1 0 0 2 ©Jiliil 110 5 £A;tj£ii£o 

©M^m^i$SSJ6^M»SS 1 0 0 2©H3f2§l 1 0 6£A:*7£tiSo 
**« 1 1 0 5, 1 1 0 6^ ^filtcl^^ ( 0 <W£ 1 ) #3i|?£ 

z®£$kmmmtzmnLizmfm&, mnai-i o 3, 1 1 04c& 

fcftSo ^LTs SnWSl 1 0 3"Cfci\ 2i#te©Ij£#fcfc«&8&}#j£te (HI? 
^100 lffl*) (DlJ&frmmZtl. iP^Hl 1 0 4T-(±s iaioq^ 
(JRJtSl 0 0 lfitfj) ©Q$##inll£*U JlrU^WMt 
20 £ffii:ft3o Z®9rL»faiHBtt£tt& 1^** 110 1, 11 0 2fc«& 
tu SOJr^tiS-fcftfcs fiMB^-ttfltllBl 0 4©SIIM§1 0 0 3Cj8S£ 

HUStl 0 0 3-t-t£> FFTm^©^>>^©I^tQfi£^SVei» 

25 €»es»«*»«:$iis 0 ^© t t^{3-e^Mffi{t* s ^^tifeif^^>^A j 

KDiTiEIalft 10 5tlt,^o 
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. (HJfi0JB®6) 

io *mm<mmtztozo f DMiie^s^ £jftRtt&ft3E*riiiB ioo2t: 
15 -rso 

m 1 4 tt N *|gWOHJ|g©^ 6 C«4 0 -F D MSfiimofKlRBMi^: • M 

z<D&ms&mMmmffi®& i o o 2 & N fctu&at^fii (jrjis 1001m*) 

*«Mft1-3i:ftK: N JnJ?S1 2 0 4, 12.0 5fca«j«l/5>**12<)l f 
20 1 2 0 2 t x MUSI 1 0 0 5, 1 0 0 6 ©ffl*fc*#ttft***TSH!*« 1 

2 0 6, 1 2 0 7iu IIJISil 2 0 6, 1 2 0 7©*JWg*fcl/S>;i* 1 2 0 

1, 1 2 0 2C^bfcfiW9t*«[tftJPll"r*JlOiH81 2 0 4, 1 2 0 5 
1 2 0 1, 1 2 0 2 C1Si^ilfe«i^I^ n D D SiiJ: it 

*JfflLTS#ft»Wk£jBiR1-*tf:/*+ 'J7SitM 1 2 0 3 
25 tf« $ fc N etfi&ft &tt£*r|g]l3l 1 0 0 2 lis 10 0 1 £H££ 1/ * 

1 2 0 1 , 1 2 0 2XlHl0j*Sl 2 0 4, 1 2 0 5^0tti;&41fl!)**.*;W 

y^l 2 0 8, 1 2 0 9*ETZo 
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jja»rt**rsoFDMa«*«©i&flEK:ov^Tttffii-r*« 

(Jg*g§l 0 0 1I11A) tt. •g««l^fliS«rlHimi 0 0 2©l/W 1 2 0 
1, 1 2 0 2{c^*i?;h4&$}£ft£o £tt£»£ffilg$r(g]&l 0 0 

2©X>fy?-1 2 0 8, 1 2 0 9&S ^HSIOO 1 m*&l'i?X* 1 2 0 1 , 

5 12 o 2 cas&n* w% t So 

&JM* 1 2 0 6, 1 2 0 7 {d(± N **l-?;HMgf§ 1005, 1 0 0 6 £© 
M^iS^A^^nSo mn&l 2 0 6, 1 2 0 7T*tts 26^«Cm*»»Wk 
ifimWZtiZ* :®l»Wk^ ?r**tf:r«flHJc»iRttl 2 0 3 "CM 

^**VT««jI»l 2 0 3££{t£fi&MW 
10 kOiS^tts U^^ 1 2 0 1, 1202 £&M$;h,fe&Jl^tt£fg£Mffir 
.#fcLT*yffll/tff$o coyote, fi*«»WkSH^«fc:||lfff scifcfc 

COi^MfrflRttWkftfimtfcll^lJfc JDHS1 2 0 4, 1 2 0 5C 
15 &t>tlZo *UT> ADimi 2 0 4Ttt> £^©I Jfta££tttt»£tt (H 

. *si o o im*) ©ij*^in»**u ftiJFSi 2 0 H*Ht©Q$ 
frtfcimm%.m (hjisi 0 0 im*) ©Qrta<«to»£*u 8rU>aj»is 
c©«f tv^e»tt«i^fflfc u^x* 1201, 1 2 0 2ra 

6*U Sfr£*i3 fcJ&SStt £ • MttESS 1 0 4 ©HUM* 1 0 0 3 fc£ 

20 £>frl3o 

*HMi©^t:«tn«s «l»LTSStt$n5fll«0FDMS/>JJ?;i/©BIHc^ 

$ kfci*-:/** 'J T«C«#fl»**iL*c t)> «jgM4©ffi^i£#tiI© 
HfTliJ T-# Sfe©s fi»»**i£T$*S - £fc <&ft£gM£M$ 

{«t*^f>M^f£WiE-rS©T% SBffiffi»MC«t*it^«ft©^*fi« 
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*nmwm\zm%oYi>M&m$i.m±s &wsm%M£mm& 1 o o 2 iz 

5 ' tO^TIlS©^^ 

f £0 

fefift8SJt^filM«f BIB 1 0 0 2fc*t^ »ftg$l 0 0 5«p&©3I^B0I 

10 ¥*a.flsau 1301 tcxastu 1 0 0 6 a»e>©H4Wt©Qj«# 

14* ¥*SKbS$ 1 3 0 2 £A:fr£*i£o TOfbtt 1 3 0 1, 1 3 0 2 T-fct ni^ 

>#;i/#©£^©¥JSfcffl3#frfcft3. £©Wfb£*xfcii#<l© 
ttx mum 206 iz^tis ¥®<t$tirz&fm<DQmft^ mn&i 2 0 

15 Mmm^&&mQAM®&oizmffiizmmft^£tiT^zm-&, ¥®4mi3 

0 1, 1 3 0 2&, Ji«cD/J^«i«^cDtt*3|ziS'fbt:^«)J5:v>J;'5fcU in 

*nm<Dim£.#^z, m 1 6 t^-rj^ fcx v?** 9 ts&i&ito 1 

2 0 3(C^g|5ffiMMi:LTCRC (cyclic Redundancy Check) 
£fc®©&©T-&3o 
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10 $&BJ© 0 F D M jftg$Btiu g£*tJM^£^tf 0 F D Mm^®m&ffltim^ 
20 mzbttz-ZZ* 

ofd mmsbBs et^oM^^^tf o f d um^ommm^ 

EOFDM«^&»6nfc«*«*C:»UTfi*»2*1ll«-r*filRttS 
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10 2>o 
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21 

y ^>>tf;i/£#A-rsc:i:&bCx €g«»jsB«F*«l^-r * ^ i: * 2» 

g™fSM#fc a mire * x agMsan **« L & ^ miE-r % 
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22 

1 9 9 9*£8e 3 1 amm<D<&m¥i 1-24529 9%c* 
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a m^mnm^m t , ffl&&m&m%M*m v buib o f d mot * & *# & n 
mm%M%*tot % o f d M3iM^Mo 

2 . R*lOTft&&0 FDM«*©ttEBE»OT*fflV^TfiW»«3e4l**» 
3 ftfttff tb$S 2: s WBfiW»«l««[ V^T ttB 0 F D MOTfr 6 If ft 

jt^fis»m^stts tenmwi&am*bGmmmiftoi±MM* t ©n# 
*m^x&imn£m&#m-rz o f DMii«^g 0 

is £ftfceasi8i««£ffi^TfT Lufcmmmfemznm-rzm #m 1 ib«© 

OFDMilM^fio 

4 . K*J^a©S«*«TOrr3a*©«««^fc»UTS*f*«-ftff «5M*«- 

it^s * 3 13«© o f d M&mmWo 

20 fi3tt©OFDMM£it« 

6. «nB«ue«imj*si±x ««««©*«^>^u©fli««-9*¥JSfl3-r* 

TOft*«*Jlfll'r 1 IBm©0 F D MM^Mo 

7. OFDMM^MM^fcjlMiS^fiTfeoT, HulBOFDMilfi^S 
ttx tt»OT*^trO FDM«^©tlTIBia»OT*fflV>TfiW«l««[4*«) 

25 £8££ffi|?ffl#g!fc> ttBfiaMMt*«*ffl^TtirEOFDM«**6»6n 

*:^#OTt»tTfeiaKM*is«-rsfe«iBSS*iM^©J:s 
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8. OFDMM«B*«lilfcSJftli«il-CfeoTx fcfflEOFDMaflMMWU 
Bfc&ffi-t £^t? 0 F D Mfrf ©iilSBSfcHf £ JB V ^ X fc&JSSSJf £fit ft 

10 9 . BtfcHI-S&^tr O FDM®■^©Huf3MM^ : &ffiV^Te»^i^^*«> 
SfllSWaixSi:^ |JIBfi«KJt3£ll*fflV^llMaOFDM«**6»#fen 

zfttzmmm^*m^xmmm^&zmfe?zm.m%.z.Mk, *jm»u ntna 

&*J(l«tt*tbXS^ tll3filMMteil«fflV , » , CtWaOFDM«<P&»6 

mzniz®mm^zm^x&mm^&*mfetzm\fexM£* **«u m 
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2. Citations and explanations 



Document 1: EP, 700189, Al (Nokia Technology GmbH), 6 March, 1996 (06.03.96), Fig. 4 
Document 2: JP, 10-247889, A (Toshiba Corp.), 14 September, 1998 (14.09.98), Fig.' 7 
Document 3: JP, 1 1-203607, A (NEC Corp.), 30 July, 1999 (30.07.99), Figs. 1 and 16 

Document 1 (Fig 4) describes a technique, comprising (1) an estimated value computing means (46) for 
obtaining an estimated transmission path value using a known signal of an OFDM signal containing said known 
signal, (2) a transmission path distortion compensating means (44) for compensating the information signal obtained 
from said OFDM signal using said estimated transmission path value, for the distortion of the transmission path, and 
(3) a hard decision means (45) for deciding a transmitted signal point using the information signal that has been 
compensated for the distortion of the transmission path, wherein said estimated value computing means computes 
the estimated transmission path value using said hard-decided signal instead of said known signal. 

Documents 2 and 3 respectively describe a technique of computing an estimated transmission path value using 
the difference between a signal after hard decision and an information signal that has been compensated for the 
transmission path. 

Claims 1, 3 and 7-9 

It cannot be considered that the constitution described in claim 1 is different from the technique described in 
document 1 . 

The constitution described in claim 3 is equivalent to the constitution described in claim 1 that is provided with a 
constitution, in which an estimated transmission path value obtained from a present information signal and a past 
information signal is used for computing a new estimated transmission path value. Since it is considered that said 
constitution is generally used in the transmission path estimation art, as can be seen, for example, in an RLS 
algorithm, a person skilled in the art could have employed said constitution in document 1 . 

Furthermore, the constitution described in claims 7-9 expresses the constitution described in claim 1 in another 
category, and is considered to be a technique identical with that of claim 1 . 

Claims 2 and 10 

Since the technique of computing an estimated transmission path value using the difference between a signal 
after hard decision and an information signal that has been compensated for a transmission path is a well-known 
technique as described in documents 2 and 3, a person skilled in the art could have easily employed said well-known 
technique as a means for computing an estimated transmission path value in the technique described in document 1. 

Claims 4-6 

"Weighting an information signal" described in claim 4 is not described in any of the above-mentioned 
documents, and cannot be considered to be obvious to a person skilled in the art either. 
Furthermore, claim 5 quotes claim 4. 

"Averaging the information signals of plural symbols after hard decision" described in claim 6 is not described in 
any of the above-mentioned documents, and cannot be considered to be obvious to a person skilled in the art either. 
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Description 

The invention relates to a method and a channel equalizer implemented in a receiver tor the channel equalization 
of digital radio and television signals in the frequency domain. 

5 A prior known method for transferring data by radio waves is to divide it into several interleaved bit streams and to 

modulate by each substream its own carrier. The modulation technique can be termed as orthogonally multiplexed 
Quadrature Amplitude Modulation (QAM) or more generally also as Murticarrier Modulation (MCM) or as Orthogonally 
Frequency-Division Multiplexing (OFDM). The basic principle of the method is shown in Fig. 1. Input data stream M b/s 
is grouped into blocks in a serial/parallel converter 1 to obtain parallel bit streams itv, , m 2 . . .m n . Each bit stream modulates 

10 its own carrier f c1 , f^- fcn jn a modulator block 2 after which the received modulated carriers are summed in a summer 
_3 and transmrttedjntq a transfer channel. The modulation of subcarriers can be of any type in principle, for example, 
QAM, PSK (Phase-Shift Keying) and so on. 

In the receiver, the signal received from the channel must be separated again into carriers before demodulation can 
take place. There are several methods in the separation. First, it can be implemented by filters with sharp edges. Second, 

is the modulation itself can be implemented in a preferable manner concerning separation. Staggered Quadrature Ampli- 
tude Modulation (SQAM) can be used, in which the edges of the spectra of the sub-bands overlap on top of the edges 
of the spectrum of the neighboring band at which orthogonality of the sub-bands resulting in the possibility for separation 
in the receiver being achieved by offsetting suitably the data of the sub-bands in a modulator. Then the overlapping 
edges of the spectra of adjacent sub-bands are in opposite phases and separation by use of simple filtering is possible. 

20 The third method is modulation by using Quadrature Amplitude Shift Keying (Q ASK) when, instead of filtering, separation 
can be implemented by using baseband processing. 

Murticarrier QASK modulation is equivalent to Inverse Fast Fourier Transform (IFFT) and to Inverse Discrete Fourier 
Transform (IDFT) when the fundamental baseband pulse shape is a rectangle. Then, as modulation is performed a 
symbol or a block at a time, demodulation can be performed without separation to channels by performing a Fourier 

25 transform respectively to discrete blocks or symbols. The results of the transform can be demultiplexed directly as sub- 
channels. 

Whichever method is used, the transfer channel always causes interference, ft causes attenuation and delay so that 
each subcarrier is received with a different amplitude and/or phase. The shape of the pulse is distorted and it may overlap 
with the preceding and the following pulse. This will result in Inter Carrier Interference or Inter Symbol Interference or 

30 the combination of the two such that the orthogonality of the baseband pulses of the sub-bands is lost. Usually the length 
of the symbol is limited so that it does not exceed the maximum delay of the transfer channel. 

For this reason, the effect of the transfer channel must be corrected in a receiver by a channel equalizer which is 
used for adapting the receiver into the impulse response of the transfer channel. There are at least three ways available 
for this: 1) To fully equalize the channel with a conventional adaptive tapped delay line. This has the disadvantage that 

35 the amount of computation required for it is excessive when one takes into consideration the capacity and the bit rate 
of the digital signal processor (DSP). 2) To hold the length of the baseband symbol greater than the distance T in time 
between the pulses of the channels and to perform the integration of the Fourier transform only for the time T. 3) To use 
a combination of the previous methods, that is a short equalizer and the same prefix for the sequence of samples. 
Prior known general solutions in the channel equalization are based on the use of linear equalizers. These equalizers 

40 are adaptive which means that their factors are adjusted before receiving data transmission, in other words, training of 
an equalizer is performed. In the training of an equalizer, a data sequence which has been determined immediately at 
the beginning of the connection is transmitted. It is a bit string known by the receiver. By comparing the received bit 
string to the real bit string stored in the memory, suitable correction factors can be calculated from the impulse response 
to the FIR (Finite-Impulse Response) filter of the equalizer. Also during the actual receiving, the factors can be slightly 

45 adjusted to correspond to slow, small changes in the channel. Correction factors used in linear equalizers can be 
adjusted, for example, by using the principle of the Least Mean Square (LMS) or the Least Mean Squared Error (LMSE), 
or by the method of Zero Forcing (ZF). The former method strives to minimize the mean squared error and the latter 
strives to adjust the mutual influence of the received symbols as zero at given points. 

The basic principle of the LMS adaptive filter used in the time domain equalizer is shown in Fig. 2. The input sample 

so string is transmitted to sequential delay elements D and from their output, the input signal vector is obtained. Its samples 
x 1( x 2 . ...x,, are each separately weighted by weighting values ai. a& ...a n after which the weighted sample values are 
summed in a summer 21 . Thereafter, the difference signal E of the received sum vector y n and the desired vector d n 
which corresponds to the original transmitted vector and which is obtained from the memory, is calculated by using a 
second summer 22. In a calculation block 23 using LMS adaptive algorithm, the mean of the squares of the differences 

55 is minimized by updating the weighting factors a i( a 2 . ...a n of the weight vector A whenever a new vector x n is received. 
Linear equalizers are used mainly as time domain equalizers but their weakness under certain conditions is the 
slow convergence rate of calculation. One way to accelerate the convergence rate is to somehow transform the input 
signal x into another signal with the corresponding autocorrelation matrix having a smaller ratio of maximum eigen- 
value/minimum eigenvalue. One way of transformation is to transform the time domain signal into the frequency domain 
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where equalizers minimizing the mean squared error have already been presented. A signal received in the frequency 
domain equalizers is transformed into the frequency domain, for example, by using Discrete Fourier Transform (DFT) 
or Discrete Cosine Transform (DCT). The correction is done by multiplying the transformed sample values by adjustable 
complex numbers. 

5 Adaptive filters using Least Mean Square (LMS) algorithms in the time and frequency domain for channel equalizers 

have been presented, for example, in the article Narayan, Peterson, Narasimha: "Transform Domain LMS Algorithm" in 
the publication IEEE Transactions on Acoustics, Speech and Signal Processing, Vol. Assp-31, No 3, June 1983. The 
problem with these LMS algorithms is generally, however, that when one tries to obtain a small residual mean squared 
error, the method has a slow convergence rate and then it is not able to follow the fast changes in the properties of the 

10 transfer channel. 

Receivers which use Orthogonal Frequency Division Multiplexing (OFDM) and in which transformation is always 
carried out into thefrequency domain, also have a known method where the sample values of the frequency domain 
are multiplied by the corresponding inverse values of the frequency response of the estimated channel and the estimated 
channel is adjusted to correspond to the actual channel. The estimate formed of a single sample value and a corre- 

15 sponding actual symbol value is, however, rather unreliable, which lessens the reliability of the channel equalization. It 
is awkward to form a good estimate, especially when channel noise is strong. 

The aim of this invention is to provide such a method and an arrangement for frequency domain channel equalization 
of digital signals which can be used for solving the problems presented previously. Thus the aim is a channel equalizer 
which does not have the disadvantages of the prior known equalizers using the method of the Least Mean Squared 

20 Error (LMSE) and the calculation algorithm of its factors having a significantly faster convergence than in corresponding 
equalizers using the LMSE method. 

A method according to the invention is characterized in the claim 1 . A channel equalizer according to the invention 
is characterized in the claim 8. 

In an equalization method according to the invention, estimates used as correction factors are formed for the inverse 

25 values of the frequency response of the channel in such a way that for each symbol sequence the estimate is formed 
as a weighted average of the estimate of the previous sequence and of a new numerical value which is obtained by 
dividing the actual symbol value by the received sample value. 

A channel equalizer using this method contains a DFT transform block as a demultiplexing block, a multiplier, a 
quantization block, an updating block of factors and a training symbol block so that samples received from the demulti- 

30 plexing block are corrected by factors C in the multiplier, the corrected samples are quantized in the quantization block, 
samples quantized in the quantization block are used as the output of the equalizer and, in addition, in the decision 
feedback state of the equalizer for updating factors in the updating block of the factors, the factors of the equalizer are 
initialized with the help of the training symbol block by using a prior known training symbol and a weighted average of 
the correction factors of the previous instant of time and the present instant of time is used for updating the factors. 

35 The invention will be described in detail in the following by referring to the attached figures of which: 

fig. 1 shows the basic principle of the MCM method at the transmitting end. 
fig. 2 shows the connection of an LMS equalizer of a Known time domain, 
fig. 3 shows a transfer chain of an OFDM system, 
40 fig. 4 shows a channel equalizer according to the invention, 
fig. 5 shows a filter connection for updating correction factors. 

The invention will be described in an embodiment in which a channel equalizer is being used in a receiver of an 
OFDM system known per se. Fig. 1 shows the general principle of a system using Multicarrier Modulation (MCM) in a 

45 receiver. Fig. 3 shows the entire transfer chain of the system and, in addition, it has been assumed that the modulator 
2 in Fig. 1 uses modulation in which a time domain signal is modulated into a frequency domain signal. For simplicity, 
the name Orthogonally Frequency- Division Multiplexing (OFDM) will be used for this system later on in the text. The 
transfer chain in Fig. 3 thus contains a multiplexing block 31 which corresponds to modulators 2 and a summer 3 of Fig. 
1 , a transfer channel 32 and a demultiplexing block 33. At the transmitting end, a data stream which is in parallel form 

so and which is described by symbols X(0), X(1 ), ... X(N- 1 ) is multiplexed in a multiplexing block 31 to sub-carriers by using, 
for example. Inverse Discrete Fourier Transformation (IDFT). A multiplexed signal is transmitted further to a transfer 
channel 32. In a demultiplexing block 33 of the receiver, the samples of the sub-channels are demultiplexed back to a 
parallel form Y(0). Y(1). ... Y(N-1) by using Discrete Fourier Transformation (DFT). 

If the transfer function h(n) of the transfer channel 32 is linear; the above described process can be presented as 

55 follows, 

y(n) = x(n)*h(n) + d(n). 
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In this, d(n) is sum of total noise in a channel. As referred to in the prior art description of the specification, the 
protection time related to the OFDM symbol is chosen to be sufficiently long, that is longer than the delay dispersion of 
the channel. Then the sampled data Y(k) can be presented as follows, 

Y(k) = X(k)H(k) + D(k) 

where H(k) is the discrete Fourier transform (DFT) of the response of the channel and D(k) is the discrete Fourier 
transform (DFT) of the noise. As can be seen, the received samples are, depending on the channel, more or less dis- 
torted, that means Y(k) * X(k). 

By using, according to the invention, correction factors C(k) for each subcarrier, effects of the distortion can be 
reduced. Then the sjampled data H(k) corrected at the receiver equals _______ 

* (k) = C(k)Y(k) = C(k)X(k)H(k) - C(k)D(k). 

By requiring now that C(k)H(k) =1 , the above presented formula can be converted to the form 
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If the time average of the noise of the channel equals zero, that is <D(k)) « 0 . the time average of the corrected 
sampled data equals 



(*(*)) =(*w+-^} =<*(*)> 
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It can be noticed that equalization according to the method produces the desired result on the average. 

Fig. 4 shows a channel equalizer according to the invention for the channel equalization of digital signals in the 
frequency domain. The equalizer contains a DFT transform block 43 as a demultiplexing block, a multiplier 44, a quan- 
tization block 45. an updating block 46 of factors and a training symbol block 47. In this, all the sampled data have been 
presented in a vector form, that is information related to all N subcarriers flows in a parallel form from the DFT transformer. 
Samples received from the DFT transform block 43 are corrected by factors C in the multiplier 44, after which the corrected 
samples are quantized in the quantization block 45, its output being the output of the equalizer. Samples quantized in 
the quantization block 45 are also being used in the decision feedback state of the equalizer for updating factors in the 
updating block 46 of factors. The factors of the equalizer are initialized with the help of the training symbol block 47 by 
using a prior known training symbol. 

In contrast to the use of the conventional least mean square (LMS), the use of weighted average of the correction 
factors of the previous instant of time and the present instant of time provides the updating of the factors. Then correction 
factors are obtained as follows: 



55 



C{j+\,k) = C(j,k)+ 



n[xu,k)] 



C{j,k) 
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In this,) refers to the instant of time and k to the ordinal number of the subcarrier. X(k) is the transmitted symbol and Y(k) 
is the received and uncorrected sample. A is a suitably chosen weighting coefficient. nQ is a decision-making function 
which rounds off its argument in the Euclidean meaning to the nearest constellation point as follows: 

5 n[x]={s,:min|x- sfl 

when S - {So. S<| S N _-|} is a set of constellation points. 

In a situation where | Y(j,k)\ is near zero or zero, the singularity of the latter term in the above presented sum clause 
C(j+I,k) causes a problematic situation. The situation can be prevented by requiring that the factors of the equalizer are 

10 not updated when | Y(j f k]\ is smaller than any suitable previously chosen threshold value at which C(j+I,k)= C(j,k) . 

.Fig. 5 shows a filter structure according to the invention for updating the correction factors of the channeLequalizer. 
It contains factor blocks 51 , 52, a summer 53 and a delay block 54. At f irst,X(7cJ is obtained by using a known training 
symbol T(k) which is obtained from a training symbol block 47 in Fig. 4 and later on it is obtained from a decision made 
in a decision feedback state. The factors of the equalizer can be initialized by using a known training symbol. In the 

15 initialization, it is chosen thatA=1, in which case information about the previous factors is not needed at all. The initial 
values for the factors are obtained from the formula of correction factors C(j+I,k) by setting A=1 and 
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as follows: 



n[*(6,*)]=r(*) 



c(0 *).JX*L. 



A sample value n\xQ ,A)| corresponding to the sywbo\XQ',k) is obtained as an output of the equalizer. 

According to one embodiment, also a variable factor value can be used instead of a fixed factor A For example, 
when a strong signal is received, that is when | Y(k)\ is great, the value of A can be raised respectively. The idea is based 
on the fact that a strong signal gives a more reliable estimate of the channel. Then the factor could be formed as A( Y(k) 
|). However, this does increase somewhat the need for computation. 

The method presented herein can be applied especially in systems using Orthogonal Frequency Division Multiplex- 
ing (OFDM), for example, in transfer of radio and TV signals. The algorithm of the equalizer has a significantly faster 
convergence than respective algorithms of equalizers which are based on the method of the Least Mean Square and 
in these algorithms the residual mean squared error is equally small. The method is also adaptive, which means that it 
is able to follow slow changes occurring in the properties of the transfer channel. 

Claims 



1. A method for the channel equalization in a receiver which is receiving a modulated multicarrier signal transmitted 
from the transfer channel and transforms it by symbol sequences into several parallel sub-channels including uncor- 
45 rected samples, after which the uncorrected sample is corrected by multiplying it by a correction factor which is 
updated by symbol sequences, characterized in that for each symbol sequence the correction factor is formed as 
a weighted average of a correction factor for the previous sequence and of a new numerical value which is obtained 
by dividing the actual symbol value by the received, uncorrected sample value. 

so 2. A method according to claim 1 , characterized in that the actual symbol value is obtained from the corrected sample 
value received from the output of the equalizer for the previous symbol sequence. 
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A method according to claims 1 and 2, characterized in that correction factors (C) are obtained as follows: 



c(y+u)=cU*)+ 



= (i-a)c(m)+a 




in which 

/refers to the instant of time, 

k is the ordinal number of the sub-channel. 

X(k) is the transmitted symbol and Y(k) is the uncorrected sample, 

A is the weighting coefficient, and 

n[ ] is a decision-making function which rounds off its argument in the Euclidean meaning to the nearest constellation 
point as follows: 



at which S= {So, Si S^} is a set of constellation points. 

A method according to claim 3. characterized in that the initial values C(0,k) of correction factors are obtained by 
setting A=1 and 



where T(k) is a known training symbol. 

A method according to claim 3. characterized in that the weighting coefficient A is variable in which case if the 
value | Y(k)\ of the signal to be received is great, the value of the weighting coefficient is correspondingly raised. 

A method according to claims 1 or 3, characterized in that if an uncorrected sample value for any symbol sequence 
equals zero or is near the value zero, correction factors are not updated at all for this sequence. 

Applying a method according to any of the previous claims in receivers using Orthogonal Frequency Division Mul- 
tiplexing. 

A channel equalizer for the channel equalization of a digital multicarrier signal of the frequency domain in a receiver 
which contains a demultiplexing block (43) for transforming a multicarrier signal sequentially into several parallel, 
uncorrected samples (Y(0), Y(1),...Y(n)), a channel equalizer containing a multiplier (44) where each parallel uncor- 
rected sample is multiplied by a correction factor (C), a quantization block (45) for quantizing a sample (X) received 
from the output of the multiplier and an updating block (46) of correction factors, characterized in that the first input 
of the updating block (46) of correction factors is functionally connected to the output of the equalizer at which the 
mentioned input is influenced by a corrected sample (U(X)) formed for the previous sequence, and the second 
input of the updating block is connected to the output of the demultiplexing block (43) at which the mentioned second 
input is influenced by the uncorrected sample (Y) of that time, the updating block (46) of correction factors containing 
means for calculating the correction factor for each symbol sequence as a weighted average of the correction factor 
for the previous sequence and of a new numerical value which is obtained by dividing the corrected value n(X) 
which influences the first input by an uncorrected sample value (Y) which influences the second input. 

A channel equalizer according to claim 8. characterized in that the factors are initialized by connecting the first 
input to the training symbol block (47) from which a known training symbol (T) is obtained. 



n [x] = {s^minlx - sj) 
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A channel equalizer according to claim 8, characterized in that the mentioned means contain calculation means 
for calculating correction factors (C) as follows: 



where 

J refers to the instant of time, 

k is the ordinal number of the sub-channel, 

X(k) is the transmitted symbol and Y(k) is the uncorrected sample. 

A is a weighting coefficient, and 

n[ ] is a decision-making function which rounds off its argument in the Euclidean meaning to the nearest constellation 
point as follows: 



at which S= {S 0 . Si,.... S^} is a set of constellation points. 

I. A channel equalizer according to claim 10. characterized in that the calculation means contain a first weighting 
means (51) which weights the quotient of the first input and the second input of the updating block (46) of the 
correction factor by a weighting coefficient A and the output of which has been connected to the first input of the 
summer (53), a second weighting means (52) which weights by a weighting coefficient 1 -A an output signal (C(j,k)) 
of a summer (53) which has been transmitted to it and which has been delayed for one symbol sequence in a delay 
element (54) and the output of this second weighting means (52) has been connected to the second input of the 
summer (53) at which the output signal of the summer (53) is the correction factor (C(j+I,k)). 




n [x]={s,:min|x- s,|} 
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vxm&m2<Dmm(DQibmm&ftomi(omit^® 
30. 1 ©»3H<o«wfcftHaftfr 5*2 <omt^m k&M,m 

10 0 0 1] 

n8!3<E>«-r5&ll5#f?] r©5IW«, WitfOFDM 
(Orthogonal Frequency Division Multiplex ) Sr'Rffi 

Lt J PEG (Joint Photographic Coding Experts Gr 
oup ) -*$»M PEG (Moving Picture Experts Group) £r 

40 r«-»eai*fT5fli*eas**i*©iiEitici«-*-s. 

[0 00 21 

m&ommi ofdm«, w&tem<o x 5 ttxxp* 

H. Sari, G. Karam, and I. Jeanclaude, "Transmission T 
echniques for Digital Terrestrial TV Broadcasting 

" , IEEE Communication Magazine, Vol. 33, No. 2, p 
p. 100-109, Feb. 1995. izft^tbthX^Z. 

10 0 0 31 OFDMWU &8i(Om-%-&ffl®.%m±X'W. 

&£-&x&m-tz>teT£jj&,xh2>„ m*-\Z4m<om^* 
50 f%z&mkm&&m®x&m-j-z>m&zmichz>i:. o 
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FDM-cteigi o (a) K7*-t£?izm-%-*mwimm± 
-c^fdureM-r-sw-Cs mio (b) iz^-rxo^m 

t>, of DM(c<tttfi«FM#jh©«-§-ft^ftv *tz#>m& 

[0 0 04] I 9 HO F DMgg-/"^? A©f^©-|BJ 
(DFT) *3J:tFa»«l«7-y3i^JS|S (IDFT) © 
[0005] SHaflOtJlfc^-C, I D F T 1 ^<Dxtim-%- 



X(») = 



f *o(n) "\ 

X 3 (n) 
\ X 3 (n) J 



[0006] kfem-fz. Kt>m^nyif<o^t^(om 

-g-X. (n) , X, (n) , X 2 (n) , X, (n) li, PSK 

(Phase Shift Keying) fft^QAM (Quadrature Amp 
litudeModulation ) ft-J§-©<fc 5 y 

[&2] 



x(n) = 



( ao(n) 
zi(n) 
a*(n) 

/ I 
1 * 
1 i 

1 £ 



1 

.-2 



v-2 



w-0 



v-3 



\ 


< A- 0 (n) > 




Xi(n) 




X 2 {n) 


/ 





[0 0 0 7] 

-JJ «/4 



6 



m& -io 



* l^VT'/Ujijffi^^TillWft^o?/^ t (n) bt£Z>„ 
^rLT, r©Hlflt7'0 5' ; !'t(n) H:, H*L*V*?* 
-f S?^A'-T'?-p^1W» (D/A) T?T^n^ft-^^ 

So £©2to«*©l*IHfcJB»«©H«H:» WIEiaiO 
(a) (OX 5t£:&5o 

[0 0 0 9] — >frgflMBTH:, S««-§-?iJli, la^Ltt 
v*aflMMB#fc«TT-7-n^— (A/ 
D) X"f<< i?^WfH§«&£*Wfc©*>, I 
5 * -yf y. >- &$c£-l / 4 (cT 3 ^ tVw 
Si4ai:, z , -e^fc>$^S51j®S§4 b t^^m^tl 

&vm-&9qmim (s/p) 4jcj;>?ji:?ij«-§-A^ag 

?Mi^:/p-;y>{C^&$;h,TDFT5{cA;ft£*t-5o - 



o = e' ~ 
a 4 = l 
■CfcSo 

[0 0 0 8] ±|BI DFT KDrnttm^ray?^ T 
7"f-y7";^2 a fc, z , -e^*3$n5ji®«S2 b £A» 

6»«5fiK$^sMi?y-B?ijsgiffi (p/s) 2icx*>m<i 

1 
1 
1 



40 



a 1 
a 2 
a 3 



I 

a 3 



1 

a 3 



1 

-3 



I^C3] 



y(n) = 



[0 0 10] i:^S-f-5o 
[USUI 



/ »o(n) 
y2(n) 



^5t5i:DFT5a^ll 



Y(«) = 



( Yo(n) > 

1 1 



1 
1 
1 



a 1 
a 2 
a 3 



1 





( Sto(n) \ 


) 










< to(") / 



«©IDFT1 <omt)m-%~7v y 9 x (n) t % JilBgft 
«©D F T 5 ©AAf t ^ o y i> y (n) 4 
iOTs/T-ty/y ^2 a tmim2 b, 1/4©/ 

( r 0 (n-l) \ 
n(n-l) 



y(n) = 



/ Ito(n) > 




t/i(") 




lfc(n) 




< y3(n) y 





r 2 (n-l) 
^ r 3 (n-l) y 



= x(n-l) 



[0011] t&So ^LT, 
[*6] 

1 

3 




♦ 
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[0 0 1 2] &%m.-rz>k. IDFTl©AMf/D 
S^Xdi) DFT 5<&tHt)m-%-7a-y?Y(n) k<D 

m7) 



Y(n) = 

















i) 


y 2 (n) 






i) 


V tt(n) J 









= X(n-l) 



[0 0 1 3] fcjfeS. f**>t>v miCIDFTl© 
A^-fi^ P5-^X (n) 1 f - VTWtIM $ frfc *> <D 

[0 0 14] r<Oi5l-OFDMm f3-£-tfSSfe*!f#6<D 
So I DFT. DFT^^Sr^-rtSi? 

[ooi5] h z. -s-tn m &fcm-?ftf%mmm&ft 5 1 

®-%ik0^k-QlbZ>* 
[0 0 16] r^ipfcPggeSISrOFDMej&v"*^ 

(n) , X, (n) lCM-efcVMt$ft£«lJf)ST-C, #H£l$ 

•^fesasat^icisv^j^rf 6 4QAM^-e^fgb, — 

*X, (n) , X, (n) «CfiS/itt#SrS!l«9^TT > 

zim^icmt^MZ-ts 4 psK^ttssts 

r i-eHfiL-cv^,, ft*>, ^^i*##«nt.oi:# 

<> mZ-t£ I DFTtDFT©«SrM=8 1 9 2 k 
U *©5*>1 0 2 4/£Kfigtif$aSr|fiJ!)i3-c, 819 
2-1024 = 8068 ^K#1t®1im£#J 9St5* 

[0017) I DFT*5«fct5DFT»*5fe(Cj$ 

<fts„ z.<otc#>. mx.&msm<D%.mmw.e>£ 5i-s 



li^^lS© I D F T*5<fctfD F T Srffiffl LTPgJiaHf£ 
OFDMfS-§-^gft-t-^»-a-t-«> £%$ftfc*8:RMi 
lei" 5 r k feti/rv^. 

[0 0 18] itusr*a-rsfc*(c s '&$k-Q\t.m%-tf.m 
1 1 ^ufcj; 5 \z.$k.&w<ommz.mmmm7 j 

10 (BPF) 6 0£S8:tf\ ro^&ilia^/V^ 6 0 \Z. «fc 
4' -eafe5lJ«-§-tC^LT'>^V^^<DDFT5' "CS 

£-r5#tea*ii'fl$*vT:v^.5 < , ft*s, mi nzts^rtu 

[0 0 19] 

[3§§^fl?&LJ: 5 i^-SSIUS] ;i©J:5ft 
3MSfc-ett:. ^«aiS7^/W^6 0i:LTiS!ft*(DT-^o 
^^/v^M-Si'i?.. *fc-t*tff fii 
©m-^Sr^iiiSrT'^vi'* 6 O-ettWi-St^liai 

£>ftv\ ua>U r©J:Sfc«^*«r4*«©«aHWIf 

[0 0 2 0] S«li!)©DFT<D^|S:^«$tvT 

?> i d f t e>£v\, t r. -5^, mass 

*^»a»»*«)«iiRttif*»fe, asflr36«fc*j«*«)iDF 

30 rrt{C-H^T^5DFT<D^dSm*S®^fc#^.fe^ 
2., r©i5W, 3^S^«(c{4«-SffiSg*5«foD 
F T (cm Lti* /<C^<D I D F T «ri»fcft rt^tf * 

[0 0 2 1] rcD^K«J;|E**{C*S L-C/i^^fcfc 

40 [0 0 2 2] Jfcf2©B ttte, iSHf i&ficO|aJ!B&*fl«l<D 
^cM>fk;^>SS*JI©ii^: c S r t ft < . *q<Rlft S ^cifc 

[00 23] * t> {C^ 3 © B #>te, pga (cjtS DTSiift 

[0 0 2 4] 

so i®m*M&:-r s ^t«>©^ia;] jiibm i ©i wsr^-t- 



9 

mmm^m^stk. ^v>mmm&t&^m*i>mt)Z 

mmmmt>>t>mbivtc.temm-f§-&. MiaM{c*fbM=K 
n (k, NttES^c) <om&*m-tz>N®<n&mfat> 

&$tnp}<v&m^m7Z zn%ity ^ ^^mm^x^ix 

:7ny^©N<B©^iif£A;*>'fi-)§-i: U ^(DAtlZfrtc 

fcrts-#^t-rst<D-c*>5 0 20 

[0 0 2 5] r©3SWK:±*Uf> SteSStBl-SJVT, S 

S> ft Sff-^:/ n y ^ © 5 *>^©^iH SrWlWfclf* 
«©£ 5t-M^J: 9 *>^©^^nj&©dftu;H$ 

sn© $ *>*^#«<oisgswNffl»^*=sr^e<j^s^-r 

SrtmS. 30 
[0 0 2 6] ±IS^2 0BWSr^-rSfc«>lcf& 

raciM- r wAs^awtt*^ 

fiff-g^n y* ^Bf3fe©aE««!)K|SeorE2flEaE*b-CM 
te©gSta» ?> ft -5 gfHT^:/ PS-?* ta^-r 5 g«i££ 

X*¥tt a£fiS»^ *tfIBM|C*rbM=KN 

(K. NtfciEjg^) ©B8««r*i-*Nfl«>K*a>6>* 
52l««^py*©±SENffi©S£©#*fc#j&UT 40 

ti h nm<omm y 4 a» e> $ ftfcaMHt*:/ o 

y £ Sr«rSSS«tt3£^*^a:©^lfeaiJi !*>£©£ 
tM«te«oraB6**br. Nfl4>gg*a>e>&si£flMi 

^ft-^Sr^brWIEeii|IK^j||ffi-r52l«^St SrH 50 
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[0 0 2 7] Lfe^oTiOSBlCi^tf, JIHtSEBfc: 

temft&zm-rzvmyj/i'fizmzivzz. ti^x *> , 

g« =geBl;:*N& LfcMffl©^ilt©;&«{i-l§-7''a y ^ (c^ 

5(-M^J:t)fc^;lS:©il ;> ftV''N^© I DFTbA^cft 
v*3£«£1ia»e>«-l9-«H5iSU r*t«rJ&$:©£-vVM/&© 

«^S{CN^©DFTSr^ttft< T1>, M^SOIDFT 

&*pr 5 mmmmfr <=. mm & titcm-^m m & ^ © * * s 

[002 8] £<bt£, ±|Bif3©SWSr^-rSfc*{c 
SU©38Wte, M GESt) ffi©®^^e>ft^3lfim-f-^ 
a y 9 «r^©^lU(c^oTilL25S^bTM<@©^ 

-r s«#eaBKiifc48v%-c» sft vt^m-^y^ y ? ©m 

<@©^SrA*^i b. r©A^$WcSflf^/p 

'&<>xw.& : £mi,x. Mm<ommfrbt£Z>%imm j %y*vi 
&m*t>mjj$titc%:mm-%-yv y^©Mfii©s^©# 

n y ^ ©Mfi©^^©=&^ ^cov^T-€:©S:^t l aWtr ^ I^J3£ 

titc&mKo^xtemm&m&h t K^vtc^m^ 
cx%Htttm&n\<\ stm&9»m&^/i^mt^& 

Z ivtcmcowm Sr h k Ltr <dW& bfc 

IS*Jcjt& CT<Wt«Ma«rff 5 <fc 5 bfe t ©TNfc-5. 
[0 0 2 9] j^ftfi^o : y ; ?'©M{@©^©5 
*>il^«^#J>5 HIT 5>;h,53g 1 ©S^J-Ff^©^ 1 © 

^ 2 ©s^^wie^ 2 ©»is •? mmx vmm*) ^©s 

«#SrS:«bS^i-5(t-^e^«(c*5V^T, S«bfe 

m^7vy?(DMm<D&m&At>m-%-k b, r©A^$ 

r©Sffia^2E#l^l9;^e>tti^$ttfc§ftfS^D y^ 
©Mffl©S^© 5 *>WIH^ 2 ©Siglcm LTfStt t> 
^ r©^5 2©l5^©gfBN £ iJ^mSrt tt^»Sr^ 
b-ClS&IB 2 ©^^©^ktoSSrfir p 9S 1 ©^k#S 

SiIIES«ft-f-P'ay ; 5'©M{@©g|^©pt,S(IfB^l 
©S^^^b-Clftlt^tv, «rlEm2©S^©§«!|5|J^ 

ta^f i <z>mm o>*$itvm &?r?m2 ©^t^s t & 
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m * ft z. t «twr t -r s t> (D-cfc s« 

[0 0 3 0] Lfc*Sorr^t>©^(cJ;tL«, e^ift 

[0 0 3 1] 

[%M©^iio^fii] 

mi<omm<D]&m mitt. z<D&mz&t>z>m-%-te 

i(IDFT) 11©»!4 (M=4) , ffi.Wl.7-V 
(DFT) 5 1 <D&m* 2 (N=2) ©#^?t 

[0032] *-rasflr«©jBw-cw:&<B.fc 5 *flrJH&JH 

dS^T*>tuS 0 i-^fc>*>, I DFT 1 1 (CI* 
[&8] 



X(n) = 



12 

/ X 0 (n) 
X 2 (n) 



* [0 0 3 3] <D£ 5^$tt5A^^os/^ff-?-X(n) 

(n) , X, (n) , X 2 (n) , X, (n) P S K (Phas 
e Shift Keying) ft-f^Q AM (Quadrature Amplitude 
10 Modulation 5 fcl, 

[00 34] ^(Oi^^A^-W^n^^Xd!) £r I D 
FTl llcAAt5t« iDFTll^fiftraJ:?* 

[&9] 



x(n) = 



/ x 0 (n) \ 

2T!(n) 

xj(n) 





/ 1 1 


1 1 > 




f *o(n) > 




1 


1 o- 1 


a" 2 a" 3 








4 


1 a" 2 






* 3 (n) 






^ 1 a~ a 


Q~ a a" 9 J 










f X 0 (n) 


+Xt(n) 






+X 3 (n) 


1 


X 0 (n) 


+a- l Xi(n) 


+o- a X 2 (n) 




2 


X 0 (n) 


+a~ 3 X 1 (n) 


+a-*X 2 (n) 






^ *o(n) 


+a- 3 X 1 (n) 


+o- 6 X 2 (n) 





[0 0 3 5] {I.U 

-J2 «/4 



a = e 
a 4 = 1 

[0 0 3 6] _h|BI DFT 1 1 OftMS^v y * fct„ 

s = ( *(n + 4) *(n + 3) s(n+2) s(ti+2) s(n+l) s(n) 

= ( x 2 (n+l) x 3 (n+l) x 0 (n) Xi(n) x 2 (n) * 3 (ti) 



M«§2 1 b t a> ^ «/& s n s afc*y - mim&m (p/ 

S ) 2 1 lc A*J t^Uff «50flr*KiaE 
&$*a,5„ r»M?ij-it?ij^^& (p/s) 2i*^ffl 

^^iVtimm^o s (n) 14, 
[»1 0] 



[0 0 3 7] ^rLT, r©iS?iJ«-§- *£*VC, 

9 s (n) 14 z -'C051MS3 1T1 Vs-? fr$W& ★ [$11] 

t = ( ••• *(n + 4) f(n + 3) <(n + 2) t(n + 2) t(n+l) 4(n) •• ) 

= ( ••• x 3 (n+l) x 0 (ti) x t (n) x 3 (n) x 3 (n) xo(n-l) ••) 



[0 0 3 8] <D£olC&$tlZ>mmm-%r7B?ir t (n) 
£ft5„ Lt> Z.<ommm-%-7vy? t(n) 14, 

5. 



50 



[0039] — ^r, SfiHMwSB'C IS 5 ttlB^Hk 

ti«t?i«<@$n.r^-o^-7 f ^^^^^i (a/d) 
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13 



14 



mi 2] 



VT'y >?m&&* 1/2 (CTtf 5^ ? V-iJ-^7*/W5i4 

w/asjtsittw-atyiiaeiM* (s/p) 4 «t »> nc^u * 

= ( ••• tio(n + 5) tio(n + 4) ti<,(n + 3) uo(n + 2) tio(n+l) tio(n) 
= ( -•• a*(n + l) xo(n) *i(n) »2(«) ^3(«) *o(« - 1) •■• ) 



[0 0 4 0] -Cfct), jSu,©flr*5Utt 55? *[&13] 

- "i- = ( Ui(n.+ 5). u,(n+_4) _ u,(n + 3)_ u 1 (n + 2)_u 1 (nj-l) u x (n) 
= ( -•• x 0 (") *i(n) ac 2 (n) x 3 (n) xt,<n - 1) *i(T» - 1) ... ) 



[0 0 4 11 LT> r^f><om-§-?'J 

mi 4i 

vo = ( 



«o(n + 2) uo(n + l) t*,(n) 
( ••■ xo(n) x 2 (n) io(n-l) •• 



[0042] b&v. , vm^mn. 
mi 5] 

= ( •-- vi(n + 2) Vi(n+1) ^(n) 
= ( ••• xi(n) i 3 (n) n(n-l) -. 



Vl 



★ [0 0 4 3] 

[0044] t:^ JiiEH:?ij-^y^«i«4 1 <dw 

AtDFT 5 1 6 l&m?X$> 

5„ rttfetOS'ftP'-C^ 6 ltt 
[&1 6] 

ffoW=fliW = ift- 1 

20 [0 0 4 5] ft5eiSH$c£*b-CV^ 0 ^LT, _k|E 

ac^u - a£?y^#i^ 4 1 d^e> tti^ $ tvfc^-i-^j v o , v, 

[»17] 



w 0 



= ( ••• tt*>(n + 2) tMo(n+l) too(n) 

= ( ••• xo(n) + x 2 (n) x 2 («)+a;o(n-l) aso(»- 1) +i2<n - 1) ••• ) 



w, = ( ... + wi(n+l) tui(n) ■-•) 

= ( ••- ±i(n) + x 3 (n) z 3 (n)+zi(n-l) at^n - 1) +i 3 (n - 1) ... ) 

[004 6] fcSffl^fl-^Uw,, w.aStttfjiSjftS. *i!lfifoS^ r^lCfcf? 

[004 71 ^Lt, iivt><0«#?ijw., w, te^Jv [$C18] 

Vo = ( ••• y 0 (* + l) y 0 (n) --- ) 

= ( - - - x 0 (n) + xa(n) xo(n - 1) + xa(n - 1) • • - ) 

[004 8] teZm-ZWy,, y, bteoXmtlZiv ♦ DF T 5 1K& <0 mWc.7— V zKfe&llS. i-ftfc>*» 

5o DFT5 l{CA^3^tb5n#@<Of->7'/WdS 

[004 9] ZktC, r^t>«O«#JFlJy 0 , y,|i, 2M mi9] 
<DM&7-V ^&m& (DF T) 5 1ICA^S^ r©^50 



15 

» = (.. 
= (•• 



(9) 

Vi(n + 1) y x {n) ) 

si(ti) r 3 (n) x^n. - 1) + x 3 (n - 1) 
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[0 0 5 0] ^hZk-tZh, DFT5lHfi 
1*20] 



*■»-(:&)-( 



Xo(n — 1) +x 2 (n- 
xi(n- 1) +x 3 (' 



Y(n) 



n-1) \ 
n-l) ,/ 

V Yx{n) ) 

_ / l»(n)+»i(n) \ 

V 9o(")-!/i(n) J 

■( 



* [0051] *^«-^-Y(n) ^tu^j^itSo _h 

[$C2 1] 



*o(n - 1) + x^n - 1) + x 2 (n - 
x©(n - 1) _ Xl (n - 1) + x a (: 



n-l)+x 3 (n-l) \ 
n-l)-:c 3 («-l) J 



[005 2] Sr^AL, £f>fcla 4 = l, a* + l = 0 s 
[0 0 5 3] imbivZo 

[0054] Lt< minw<Dmm-?4&.<o I DFT 

1 l{CA;*J$*VfcX, (n) , X, (n) , X, (n) , X, 
(n) <H> o *>> X, (n) , X 2 (n) tfK S««I»^«(C*3 
V^ltyr/Hl§tlfe©*,2fiODFT5 30 

[005 5] mc. «-ki£-«*:SfS 1 <D|liS^fl|{C«*D5 

^•t-OBS^ns/^gl-CfoS. roi^^f*, M (M 

= 2\ hteJEcomm mom-B-x, m , x, go , 

•-, X-, (n) M^OIDFT12lCA*LT4fi? 
^fc^-S^ny^S,, N (N=2«, M=KN, g 
kKteJE<omm A©DFTCt!)X 0 (n) , X, (n) 

, X a (n) , X«-i).(n) Srlf-^T'/Uil® 



s 10056) (1) IDFTti-©MSrSfoDFT 
DFT*i I DFTtm— O&J&M. (= 2 h , httEOSE 

V>t\ I DFT 1 2tc« 
[3&2 3] 



X(n) = 



V XW-i(n) ) 



[0 0 5 7] <DX. 5 AA:/n?*flr-g-X(n) 
^•X, (n) , X,(n) , X„ (n) te, P S Kfg-§- 

[0 0 5 8] roi^^cAMf^P-^Xdi) SrID 
FT12CA*t5t> I DFT 1 2 5ft 
(lf/B^x(n) ^W^tuS. 

[»2 4] 



x(n) = 



«o(n) 
x x (n) 

V XiM-t(n) / 
/ 1 1 



>.-2 



( Xo(n) \ 



(10) 
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[0 0 5 91 <iU 

a = e-> 2 "* 
a" = l 

[0060] _hfE I D F T 1 2 (DttWff -J^o ;/ ^ fcfc, 
2 b t^t>^$ttS3fe?iJ-il:?iJ3E^ (P/ 

s) 2 2\zA*iZfr. ^^-cmm^hm.^m^^. 

r©&?iJ-iKfiJ£|fc^ (P/S) 2 2d^ttJ 

# $ *tfc mmm*? p-^ii, z -'<o3iM£& 32-cit 

Sift £*V5„ 

[0061] — gffiw-m&^J: 5*flnwaa^ff 



/ 



18 



10 



lai, z'-e*ip$tt5-^>'7 p /kiissS4 2 i b 

k*/££;ftSii:?iJ-&?iJ^&$& (S/P) 4 2UC<t«9 

[0 0 6 2] 
[12 5] 

/ Vo(n) 



Y(n) = 



m& (a/d) 

Yo(n) \ 



V K w _,(n) J 
( 1 1 



1 

a? 



y(n) = 



[0 0 6 3] ^rL-C, Z.v>mm%-7vy? y (n) 
[126] 



1 



Vo(n) 



[0 0 6 4] -e^^tU-Sm^ffl^j^ttSo 
[0 0 6 5] rr-CN IDFT12©W*fl^P 5 '^ 
DFT5 2 lcOA*«^n S ' 2 7i:coia««x Mfl* 
©77/t>/y >^2 2 a i:SlSg2 2 b, 1 /M<D 
y^^'f-VT'J) ^4 2 1 b^it-T^i:, 
[12 7] J 



^ [0 0 6 6] fcft5„ 

30 [0 0 6 7] ^oT, 3HHM<D I DFT 1 2^©A^3'ft 

*^oy^X(n) t> SfiM©DFT5210HiM# 

[12 8] 



y(n) = 



Vo(n) 
V. l/M-i(n) y 











= x(n-l) 








-i) / 












/ X 0 (n - 1) \ 


Y(n) = 






AT,(n-l) 








^ X M ~i(n- 1) > 



= X(n-l) 



(11) #i¥l 0-24 788 9 

19 20 

[00 6 8] bt£K>. itV^J;9Sft{l!l©DFT5 2 1 *&F„(z) £t>oj£fi:7^ 2 1 0 k » GsJiMttH m 

SfrftfflllOI DFT1 2^<OA*{f#^t3s/^X (z)«rtoSft7-f;v^ 2 2 0$ro SrJfoj&g'fi^B i 

(n) *5 1 ■V-i/-7/vmM&ivtct£ft-VZ:<0\ftm?.i£< ID— ^Mffi-C*>5 0 

©m^ft-f-^ay^Ydi) tm!k£i%Z a [0 0 7 0] 

[0 0 6 9] IDFT12iDFT52H^i [&29] 

~- -jfi(a m +a 2m z- 1 + a 3m z- 2 + -..+a Mm z-< M -V) 
Hm(z) = l + a m ^- 1 +a 2m r- 2 + ..-+Q( Af - l ) m z-( M - 1 ) 

- - - - - -- m = _Q, 1,---,A/ -_1 _ 

[0 0 7 1] (2) IDFT<D#o£&Jc9fc>4>;fcv\& *tefflt-5^$tfi£@-Cfc.5 0 
tODFT Sr^ffl-T S#^-<D»f^ [0 0 7 2] g««t?MU H I<lt (z) , k = 0 , 1 , 

3HH§-§-X. (n) , X, (n) , X H (n) <D p -, N-l , i=0, 1, •-, K-l SrN^OD F TT?W£. 

*>, x, (n) , x,«(n) , x»*(n) , •-, x -rft:b*>, £{M(lfcSm^*b-cv'»5N4@©g:fg 

.♦«-.>. (n) &&mw-cm&.mzw£.-r2 > m&K 7^^220 oeiiHtas. 

JSkcDi 5 fcftkaaSfTtxKS. flU M=KN, N=2 [f 3 0] 

Hi+kK (*) = 1 + a i+kK g- 1 + Q a«+*iO z -2 + . . . + a <J#-i)(i+*jr) r -(«-i) 
n = 0, 1, • -,JV- 1 

[00 7 3] t?^-^P>tbS. nr-C, ★/3 = a K 

★ [$:3 1] 

Hi+kK{z) ~ 1 + 0*0* z' 1 + a^fi^z' 3 +...+ Q (-M-»)* J g(M_i)fc 2 _(M-i) 
* = 0, 1, • - - , JV — 1 

[0 0 7 4] *S#bnSo iit?, H.^k(z) ©z [0 0 7 6]z^i©tfi^ t 

- h,*K(n) ti-St, [^3 3] 

1*3 2] 30 H i+kK {z) = frize* 2 **'") = H t (z0~ k ) 

^+t«-(n) = a"*/?"' = ft 4 (n)e-> 2 «" t / w n = 0,1,-.,AT-1 

* = 0,l,--,iV-l, i = 0,l,..,if-l 

[ 0 0 7 7 ] 1>mt>tlZ>* % tt> 
[0 0 7 5] *S#f>n5o -fr [£5:34] 

1=0 

= a" + QC ,+w >^- 1 + a ( ' +2N ) i z- 2 +... + af + (* f - 1 ) A ') i -< K - 1 ) 

[00 78] i:f<i, ♦ [0 0 8 0] tS>m, 

[t3 5] 40 [$C3 7] 

i=o * = 0,1,..,JV-1, /= 1,2,..-, AT- 1 

* = 0,1,--,JV-1 

[0 0 8 1] t>mtbfrZ>. 

[00 7 9] r*>9, [0 0 8 2] -£L-C. N&<DV F T<oa&ff?'J&fflV\ 

[13 6] ♦ [&38] 

» i+ */rW = 2>- , £?*,(*") 
* = 0,l t ...,7V^i 
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/ 1 1 ... 3 

1 0~ l ... /y-<iv-i) 



(12) 

\ 



Vtm^ 10-247889 
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/ ^0,0 (z) 0 



[0 0 8 3] tmbfr&o 
[0 0 8 4] 
[&3 9] 



[3&4 0] 



t*o(n) 
V ^-i(n) y 



v(n) = 



0 
0 



v x (n) 



[0 0 8 6] <D&m^&&*7 fr* 
[0 0 8 5] Sri N-Cl/N{c^^>^^^/WLfcift-^* [^4 1] 

I = 0,1,...,^-! 



[0 0 8 7] {CA^bfcWA 
»4 2] 



V i/;/v-i(n) / 



[0 0 8 8] Tl/K&^!»*^A'bfcflr*^»5r 30 



»4 3] 



[0 0 8 9] StN^DFT^A^-^ h ^(ON^DF 
[»4 4] 



40 



V(n) = 



/ Y 0 (n) } 




*(») 









Xo(n - 1) \ 
X K {n - 1) 



[0 0 9 01 we>ti5. 

[o o 9 i j *>< l-c> g{t<Bi-?»s. mmw-QM&<D I 

DFT 1 2(CA^$nfcj^ft«-^X, (n) , X, (n) , 
X 2 (n) , X„ (n) <0 5*>, X, (n) , X 
i„ (n) , X„ a (n) , — , Xi, «-i)i(n) d J N^ 



50 



©DFT5 2-eff4$tl5 0 

[0092] &L±<D£?<,zz.<D&w<omi<Dmmi&m-v- 

te> 5MHHfc*SWC, &M-&9imm&4 2 £DFT5 
2 tORSiCgft^/W 6 2*$£ltl /K^P^D-^ 
2£fS:«\ r©S«7^/W<5' 6 2^3<fcU51/Ky 

fToyt<D*>-=E:<DfcU^SrDFT5 2 fcAA bTlWtfe^— V 

e«fl«4JciS Dt, I D F T 1 2 (Dffi7£<om-%-&Kftfe 

[0 0 9 3] LfcriSoT, ^fEJgfcKfg 
£;fr5@3£g:'f§£e«co <fc 5 HM^©D F T £r#or £ 3* 
RrtB'iS«S*-C«, ^T^ffi-8-X, (n) , X, (n) , 
X 2 (n) , X„-,(n) SrS^-T^r tdS-C#, — # 

Kfc}:, ±W.±X<Dm^-X„ (n) , X, (n) , X, (n) , 

-, x M (n> ©h, <®fe<Dmm<Dvifi.<om^x 

, (n) , X,„ (n) , X,. a (n) , •», X 

[oo9 4] Mx.t£u=i6(Dm-a-\az, sHimicdsv^T. 

»flrflH§-X. (n) , X, (n) , X 2 (n) , -, ' X M (n) 
<E>5*>> X. (n) , X. (n) , X, (n) , X„(n) IC4 

. (n) , X, (n) , X, (n) , X, (n) , X. (n) , X 
,(n) , X„(n) , X,o(n) , X„(n) . X„(n) , X 
»(n) , X,«(n) iZ#m&mm*:6 4QAM-C^KLT 



(13) 



10-247889 
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[0 0 951 :©J: 5K-rzt. 4toDFT^tt5 
S««e-ettft*JHg*Sr-&tfX.(n) , X. (n) , X 
,(n) , X ia (n) ZWUL-TZ^ jUfi 
fill© I DFTtlDCl e^cODFT^-f-SS'B^a-C 
ti, £-T<DtiM$£-£t?X. (n) , X, (n) , X 2 (n) , 
■ -, X„(n) SrS^-T^i t*s-et5c 

[0 0 9 6] £fc#Hi6^firete, ®Hffl#«#^oJl 

[0097] i=0<O»^(C« 
[*4 5] 



24 



*.(n) , X, <n) , X„(n) , X, (n) , X. (n) , X 
„(n) , X„(n) ^ffit^itmS. ££>(C, j£ 

T?tt, £-C©flM*«r-£trX. (n) , X, (n) , X.Cn) 
, x»(n) r fc 5o 

[0102] m2<Dmmmm) B5», 

-y^M(IDFT) 1 3 <Dtm& 2 (M=2) , 
10 mk7-yx»MI (DFT) 5 3©MiS 4 _(N = 
4) ©^SrWcioTRlH-f*." 

[0103] *-rmmw<Dmm-?\z&.<D*. 5 

*JfTt»*l.*. -f IDFT13ldh£ 

m4 6] 



[0 0 9 8] gf7-f^6 2 ttflWbP 1 -?*> 

[0099] **s, ±Bf|S 1 ©HJg^««j3cO J: 5 
JgflSBTfrcfc*. «*.tf. J:Clft!H-CB2|»JieafeftfT 

•f&*>*>> X. (n) , X,(n) , Xa(n) , -, X 
on>i(n) £N (M=KN) ^[©DFT-Cff4U I^B* 
(^X 0 (n) , X P (n) , X»(n) , X P (m, (n) 
SrQ (M=PQ) jS©DFT-CStt5itr, 3f%M 

&.±<DffimmmKi>mm*im-?hz><, 30 

[0100] M= 1 6 ©f^|CI4 > i^tfi!|{-*3 

VvC, i@Htm*Xo(n) , X, (n), X, (n) , X 
»(n) CD?*>, X, (n) , X 4 (n) , X, (n) , X 
■ CO m*iS?fflf«fc4PSKT?aEI|bTlRl»)S-C, X 
a (n) , X, (n) , X,.(n) , X„(n) (C-ftSKflMt 
Sri 6QAMt»PiLTllDSt, tt©fll*X, (n) , 
X, (n) , X,(n) , X r (n) , X, (n) , Xi.(n) , 
X„(n) , X„(n) (c#SSW««r6 4QAMT*KHL 

[0 10 1] rcDJ: 51--r5i:> 4^©DFTSrtt5 40 
WA.tf»¥ffSi©S^i6eT?tt*fiSHt«Sr-&tHt-^X. 
(n) , X 4 (n) , X, (n) , X„(n) Sri?£-f5 i £ # 
T?#S„ 8^<DDFTSr*i-5g««e-CBSfi 
K«^J:UMia«MIM*ft-$trflr§-X. (n) , X * 



[0 10 4] <D± 5 t-*£*t£A;*J7"n <f-^X(n) 
*SA*S4lS. i<OA^)^t3 3'^fi-§-X(n) cO#^<Dm 
-i-Xo(n) , X, (n) 14, PSK (Phase Shift Keyin 
g) fS^-^QAM (Quadrature Amplitude Modulation 

[0 10 5] r©±5ftA*^By?*tX(n) -SrlD 
FT 1 3|CA^-T5i:> I DFT 1 3^bitHk<DX 5fc 

»4 7l 



= 1 f 1 1 \ / X 0 (n) \ 

2 v 1 / v x ^"> ; 

= 1 ( X 0 {n) + X 1 {n) \ 
2 ^ X 0 (n)- Xl (n) J 

[0 10 6] fiU 

& = e 12 " n 
0' = 1 

[0 10 7] _hfSI DFT 1 3©ttl^«-^7o3'^|4. 
T 2T?^ib$ttSTs'7'U->7'/W«8 3KA*Ji**U i 
Iffy/y >-^K^S2«{Cje5fe?>tteo Z-<DT-y 
7lr >7VuS 8 3 ©a^jft^iJ p . , p , Sr&5£lc^ 

-r. 

[3&4 8] 



Po = 



Pi = 



(14) tftfflst 10-247889 

25 26 

(• - Mn + S) + po(n + 3) Po(n + 2) ^(n+l) ^(n) 

( — 0 x 0 (n + 2) 0 x 0 (n+l) o x 0 (n) ) 

(— Pl(n + 5) j> t (n + 4) Pl (n + 3) ^(n + 2) px(« + l) Pi(n) — ) 

= ( — 0 Xt(n + 2) 0 *!(n+l) 0 x,(n) • 

10 10 81 tUt, ±B7y^ty^A#8 3d>6IU » /.\ o <- \ . -u 

**o.o(*J = Ri o(-s) = t(1 + z ) 

A;*f$*K rri?7>f;^!)y^Sti,4 0 r©t #2HI * [0 10 9] Oi5i:lS!SLT*S„ Z<Olzit> y i£tf:? 

[&4 9] * [&5 0] 

«*> = (— ?o(n + 5) ?b(n + 4) 9o(n + 3) <7o(n + 2) ? 0 (n+l) ,j 0 (r) --- ) 
1 / 

- 2^" - *o(» + 2) x<,(n + 2) x 0 (n+l) x 0 (n + I) s 0 (n) x 0 (n) ■■■ ) 

[0 110] n*K«*50p,ttx * *! [t5 1] 

* = (•" »i(n + 5) qi (n + 4) ^(n + S) 9l (n + 2) 9l (n + l) 9l („) ... ) 
= 5 ( — Xi(« + 2) x^n + 2) x^n+1) x ,(n+ 1) x:(n) x,(n) ... ) 

[0111] t^5o + znzmn-mmgm (p/s> 2 3ia^$ti, r 

[0 112]ttt, rcD^H&7^/W^9 3*^ttl^* r-CM?ijm-8-d^a:?ijm#{^lfe$tv-5o rcO^iJ-jS 

nfcm^Uq., q.ll ftfct ?8^1teg§ (P/S) 2 3 d>e>bb^$tufcii[jij«^n 5/ 

y >?m®.m* 2 «ic±rf * r ;/-<*- ^tvi^s 23a ^ s », 

i, z-'i?SJ5j^5ty//HSS2 3 b ti^M ★ [3&52] 

5 = ( ••• *(n + 4) *(n + 3) s(n + 2) s(n + 2) *( n+1) s (n) ... ) 
1/ J 
- 2 { -- *o(n+l) x^n+l) xo(n) Xl (n) i 0 (n) x,(n) ...) 

[0 113] <OJ;5K«£;ft5o tLt> i©K3Wt# 

s ttz-'CiiWSS S-Cl-^^T'/P^MIM^tv -A- [f5 3] 

* = ( — *(n + 4) t(n + 3) *(« + 2 ) t(n+2) t(n+l) t(„) ... ) 
jC"- x 0 (n) x t (n) xo(n) x^n) x 0 (n-l) -..) 

[0114] <o&?\zm&tiz>mism-%r7'vv? t ♦ ^f^i^/wm^K^ifc;*^©*,, 1 

60 rcDizlftffi^ns/^ B^bfcv^s^/w y/y >'^Jl)K^:Srl/2{cT«f5y^^>7'/WS4 

-T^o^l^-cr^-n^-^fc^StufcO^^Ht 40 3 at, z ''^ftbSftS^TVHBJEJM 3 b i: 

mmmx-mm&tixfcm®^&mztiz> 0 m&zfrzm%-mm»& (s/p) 4 3 cu: os^u 

©t-rs. sflr«-s*utt* 0^u*v^«ii [st5 4] 

*H»-Ci««**vT^B^— 5»^i?^A«lfcB (A/D) ♦ 



Uo 



Ui = 



- (• 

■ u 

= (• 
= i( 

(■• 
i( 



Ui = 



(•■ 

- J( 



) 



(15) 0-2 4 7 8 8 9 

27 28 

tio(n-h5) t4o(ir-l-4) uo(a + 3) Tio(n + 2) tio(n+l) tio(n) 
«i(n+l) x 0 (n) x^n) a^(n) ^(n) x 0 (n - 1) ) 

Ui(n + 5) Ui(n + 4) u s (n + 3) tii(n + 2) in(n+l) Ul (n) ) 
* 0 (») *j(n) xo(n) a?i(n) ar 0 (n~l) *i(n - I) ... ) 

U2(n+5) u,(n + 4) 122(71 + 3) U2(n + 2) t/^n+l) i*( n ) ) 
• a?i(n) x G (n) xi(n) xo(n-l) xi(n-l) a? 0 (n-l) • ^ 

u 3 (n + 5) u 3 (n-f4) u 3 (n + 3) u 3 (n + 2) tia(n+l) u 3 (n) ) 
■ x 0 (n) x x (n) x Q (n-l) x 0 (n - 1) x t (n-l) ... ) 



[0 116] Se>^f-^/VjBl«4 3 b^fe * [f 55] 

fcHASftSffi-f-y©, yi, y 2 , y,tt * 

^0 = (-.- ^(n+2) ja,(u+1) yo (n) * 
= \ ( • ' • *b(n 4- 1) x 0 (n) x 0 (n - 1) 



yi = 



( !/i(n + 2) yi(n+l) Vl (n) . 

xjfri) xi(n-l) 



) 



) 



y2 = 



ys = 



(•• »3(TH-2) jte(n+l) jft(n) ... ) 

*o(n+l) x 0 (n) * 0 (n-l) ... ) 

(— to(n + 2) y 3 (n+l) s, 3 („) ... ) 
1 / ' 
- 2A ""' + x,(n) zi(n-l) 



[0 117] i&5c 

[0 118] ^UT, m&OflM^Uy., yi, 
y 2 , y 3 tt. 4^<OB|*7-y^^ (DFT) 5 
3ICA££*U ;©DFT5 3(£«fc<3 8lffc;7-y:n^g| 
$*V5„ DFT5 3I^A*S^5nf BOf 

[«5 6] 



y(n) = 



[0 119] -C*>£i-*-5<k, DFT 5 3d>P>fct 
[&5 7] 



Y(n) = 



40 



f Vo(n) \ 




' xo(n — 




Vi(n) 


_ i 


x,(n - 




V2(n) 


2 


Xo(n- 


1) 





















n(n) 








^ n(n) J 










1 1 \ 


( Vo(n) \ 




1 a 


a 5 a 3 


! Vx(n) 




1 a 2 


a 4 a 8 


te(n) 




^1 a3 


ofl a 9 j 





* 10 12 0] ^^fi-^Y(n) &m*>£tlZ>o fiU 
a = 2" J2 

•Cfc^o rr"C, -hfBSttCyo (n-1) , y>(n-l) , y 
2 (n-1) , y 3 (n-l) £ftAU a 4 = l, a* + 1 = 

1*58] 



50 



(16) 



10-247889 
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Y(«) = 



( %(n) ) 




*(») 






H 







0 
0 



[0 12 1] i>mt>tvz><, 

[0 12 2] *>< LT, iSHtfl!)<Ogat?2^<0 I DFT 
13ia,(n) , X, (n) SrA^Jbr^Lfc^-C 
fc, r©Hltttt4i©DFT5 3 fcJBvyfcSflMB© 
*«te$SVvr**l^;h,Y, (n) , Y, (n) t LTStHtC 

[0 12 3] WJtifi^fc^ 1 OSdfc&ttfUffifeS 

tt, N (N=2«, gtt3E©«») <B©«#X. <n) , 
X, (n), X,., (n) Sr. MM#> I D F T 1 2 {£A 
*LTdfcj«£;h,fc«*:7ia3':J'fc, M (M = 2\ M= 
KN, hirKfctiE©^) toDFTCiDX, (n) , i 



30 



10 



* X. (n) , X»(n) , -, XonwOO fcli^TVvS 
[0 12 4] H6tt*©«lril**T-|a»^ny^EB-T?* 

DFT i R— O^i«c«r»o I D F T «r#T"<52HMHftlI 

Sftflsfcovvrtt, IWB!ISl©3ftW»«fc*sVN-CH3Sr 
^LfcttWfcR iwt?©Ui?gj*«lt&1--5o 
[0125] IDFT14 tDFT54 td^i^^tl 

04t*Lfcri < eiT©e»ia«:F 
„(z) «r'i>oasflr7-f^2 3oi:eaiBWRH-(z) t 

Srt.oSft7^/U^ 2 4 0 &ffix.tz.m%iB$imi:e$ffi-r? 

$><£>o 

[0 12 6] 
[»5 9] 

,3m „-2 



F«W = 1 + a^z- 1 + a 2m z~ 2 + • . . + Q (i*-i)m z -(Af-i) 
m = 0, 1, ■ • • , M — 1 



[0 12 71 _b|B5^fS^-r/W^2 3 OOHs fllfctfF » tt*KE©SHfc"t?, itt0*>feK-l OWOS^fc^ 
i + u(z) , k =0,1, -.N-lt-NjftOIDFTSrflBv^T* [0 12 8] -Tfttofe^ ^ftffi[|cONfi^«^ >f /l^ 2 

r^e>Nffl(DA*ft-^SrN^<D I DFTC 3 0 (Dfe*BB*F i+kK(z) , k =0, 1, N-ltt. 

A*br4fe*bfctttA^fe, S««^M£<DDFT«rffl [$C6 0] 

Fi+ kK {z) = ( a <+ ** + a *<*+«O z -i + a 3 * 14 **)*- 2 + . . . + Q " <i+fcJO*-(M-i)) 
k = 0,1,-^-1 

[0129] -c^*.e>;fr5o */3 = a K 

ZTtmirZk, * [*6 1] 

[0 13 0] tfs#£>jx5 0 

[0 13 1] F i+kI (z) OZ-CD^Srf I+ u(n) fcf 

1*40 



[ft 6 2] 
/i+Jb/r(n) 



A - 



Ad" 

Q.l.-.iV-l, 1 = 0,1,--, if -l 



-fr [0 13 2] *5#?>n5<, -t Lt, Z £&©««/!>>£> 
[»6 3] 

k = o,i,---,Ar-i 



[0 13 3] itftbtlZ. 
[0 13 4] 
[#6 4] 



(17) 



0-247889 
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[0 13 5] t*3< 

me 5] 

N-i 
1=0 

* = 0,1, -•.,JV-1 

[0136] -e*> 9 , — # 
[3Sfc6 6] 



32 



* [0 13 7] T?fc5^e>, 
[&6 7] 

* = M.— .AT-1, / = 0,l,..,AT_i 

[0 13 8] tmbtiz. 

[«6 8] 



i=o- 
n = 0,1,. 



10 



R(z) = 



/ Soja(z) 0' 
0 Aifi[z) 



*l,Af-l(*) 



0 
0 



Jlw-i.o(z) ,/ 



/ 1 
1 



V 1 P 



t/v-i 



1 



[0 13 9] tmbfrZ* 

[0 14 0] H±©rM^, F„ u (z) , k =0,1, 



sSS-.N-ia*, N^©IDFTi:lf|7-f/^ 
[*6 9] 



+ a (JW-»)i z -(K-l> 



) 



I = 0,1,-.,7V-1 

[0141] -Cll^.-C?# 5ii 5. -r#:fc>*>, N 

j£<D I DFTttt;*j£r#* T Kffift^Ts'T'^^T'/WUfc© 

^rtV^O7^/V^R„. 0 (z) , R,. 0 (z) , 
Rk-i.o(z) KA2JL;fc<E>*>, ^©tti^Sr T N-^Nffiflc 

[0142] ^Htfill-C, Nj&c? I D F TAA 
[»70] 

/ *o(n) \ 
*(») 



30 



X(n) = 



V -XW_i(n) / 



[0 14 3] (C*fLT, §MOM^©DFTffl*ll 
[«7 1] 



40 



Y(n) = 



Ko(») 



K n (n) = /*»/*(»-!) n = 0, JC, • ■ • , (AT - 1)^ 
I 0 otherwise 

[0 14 4] i#5 0 

[0 1 4 5] RJiKJ:*), N^O I DFT^A^JL.ytX*50 



*o (n) , X, (n) , -, X H (n)*, M^iODFT© 
tiitKD p *,©Y, (n) , Y, (n) , Y»(n) , Y 

[0146] r:?, i=0i*Kt, 
[&7 2] 

«t.o(*) = l + *- 1 + z- 2 + ... +z -(K-i) 
i = 0,1,. -,JV-1 

[0 14 7] ^^St^ALfc^^-f/^ 
2 3 014, fl^d* lTibt), iP»«<D^t?H^T?^ 5„ 

[0 14 8] &mMMWUz.£2>k, OFDM{c*5VvC, 
&mWmW.O>T> F T ± 9 t>4>fcV ^»<0 I D F T Sr^fo 

«<0«^/iDFT©m-^SrS«-t-Sfc«>tc:, tK^r^ft 

[0149] =fc*5, _k!B& 2 ©*Jg^filt4J5>CO<t 5 £g 

NjS©lDFT|:A^)UcX,(n) , X, (n) , •-, X 
M (n) OIDFTCOttJM-tx.di) , Xl (n) , . 
(n) 
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mi 3] 
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I = 



34 



ai,- -,Af-i, » = o, 
[oi5oi <omm7-(fr?*wrz. t\^x<o. gftiai 

S«-CDFTJ±|^<D5*><0, Y,(n), Y,„(n) , Y 
i,a(n) , Y it( »-i).(n) (fcfc*Li=0, 1, 
K-l) t*s-ctr-5o 

[0151] _kfEf* 2 (DHJfe^TN i = 0 (T>W>&\^ 

mi 4] 

/ !rt>(n) \ 

y(n) = *« 

\ VM-iin) } 
Vm(n) = x m ^ N (n - 1) 

™ = <U,--.,M-1, fc = 0,l,...,JT-l 

[0 15 2] ift>K y(n) tex.(n-l) , x, (n-1) 
, x M (n-1) <W6fe?)5gL {RU m mod 

ot, i ^cD»-a-. 2IW«-ett{K^ i = 1 t LTT-^/W 
*Rl,0(z) fcRjfeLTSSftU -^Sfiflycte i ^ 1 

o (n-1) , x,(n-l) , x M (n-1) (DKH^fJ 

So 

[0 15 3] £!±<DJ!SaSrfflVNSt. 0!l;Lfi2 -&<Z>;gHf 
8 M.O I DFT^^bfca^Bft-§-^^[WW 
±-?*« LTj&ft U 1 HJCOgff 3£«<Z> 1 6 fi©D F T 

W.K$5\,^X&* 4^cd I DFTSrffiffiUT^Lfc^ft 
l-&^51«^gtc*5VNT8^©IDFTSr^ffl 

r*t& i tKD&mmmo 1 6 ^©d f T-^n^-t-s^m 
[oi54] (^3 vmiimm) mm^m i <n>mmmm 

fcfc, M=KNtLt v ^flaT?f*M,£<DIDFTS:;f^ 

^(ODFTSrffiV^31tl?6<)(c^aitffiSrS^L.fco Ld> 
U Sftffi!H-M^<ODFTSrfflVNfc^-et)^tft5S!l* 

[0155] 0!l;Ui> M=16£>*&-g% X 0 (n) , X, (n) 
, X 2 (n) , • -, X 15 (n) <0 5^>. 
X, (n) , X, (n) , X, (n) , X„(n) 

\z&m&ffinz4 psK-csssbxfijfj^-c, b<o<d 

X, (n) , X a (n) , X, (n) , X, (n) , X, (n) , 
X, (n) , X,(n) , X w (n) , X„(n) , X„(n) , 
X„(n) , X,«(n) 



l,-,K-l, M = KN 

IZftWMtfl 6 4 Q AlA-vmM tt#J •? S X 5„ 

[0 15 6] r<Ot#, SflMBKias^Tl 6^<ODFT 
Hit) 

Y. (n) , Y, (n) , Y a (n) , Y„(n) 

frb. i--<x<Dmm^tj' 

10 X, (n) , X, (n) , X, (n) , X 15 (n) 

[0157] &m&xm&mnR&&ft'om 

[0 15 8] DFT5 5CDW^)SIC|4, *<0^m^ft# 
Y 0 (n) , Y,(n) , Y, (n) , Y„(n) ^ti^ 

fts ioo &m-}x$>z> 0 z.<omiu& ioo ra-tn-eft 

mfeMm^HV&frbti: «K D F T 5 5 <DW^)ft#Srx^ 
20 y K°^y-rz>y t -<?y¥ V^Ih)1§1 0 1 iCO^-ry f 
^^HIBS 10 1 <DW*«-^Sr-v y tf LT^flgff 
W5v5»f >-^(U8Sl 0 2 iOT^fV^tggg 
1 0 2t?^fig$ixfc#fi8m-^t_hfSDFT5 5 ©ffl^lfi 
^k<Dm*&aVX, Z.(DM*-gvHz.i5i'5\?Z>tcit><0& 
&CCAn) , k = 0, 1, 15 5 S6WlHlj& 1 
03t, £«>fM*P|gIttl 0 3K£Q±}g.£ti1Z%%LCt 
(n) ^±|BDFT5 5©W^ft^m*t-rS*^l 0 

4 *a»e>*ME3na. 

[0 15 9] r<£><fc 5ft^J5g-CfcS*»?>> DFT55A> 
30 e>ffl^$tvfc#S«ft^-Y, (n) , Y,(n) , Y 2 (n) 

, Y 16 ( n ) ttzti^etimmi oocaaj^ 

rtv?>©^bSl 0 OJC^V^TSWW^-Y^n) Srtt 

{ce^KSS^ttSrME-rSfciiX^^C^n) 

T, r(D«|SC k (n) SrfcirtcME^^Sc f£oT, 

[0160] t ±B«Mfc» 100 t?tt, ^JSg 

[0 16 1] im-#LTfi&cD<fc 9&:tt»£fgC5i 

„ (n) , Y. (n) , Y,(n) , Y ls (n) 

4PSK-C^BS$ttTV>SfeJ6, W%m*)&m:h'J> 
t£\,\ rtte>Sfi^^<D#fi^-Y, (n) , Y 

50 , (n) , Y,(n), Y 12 (n) {CoV^T»*Ji|B!tsiJ^ig^ 
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©#ft"§-Y, (n) , Y s (n) , Y, (n) , Y 6 (n) , Y 
,(n) , Y, (n) , Y„(n) , Y 10 (n) , Y„(n) , Y 
ls (n) , Y„(n) , Y„(n) »*#m^tf V 6 4 Q 

[0 16 2] r ©*:«>. ift&#MI«*©#flMJ-Y, 
(n) , Y 2 (n) , Y, (n) , Y, (n) , Y, (n) , Y 7 

c*(n) 
<*(n) 
d.(n) 
ct(n) 
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*(n) , Y,(n) , Y„(n) , Y n (n) , Y„(n) , Y„ 
(n), Y„(n) fcoVvCfcfc, iffi^l 1 3 «rR It So * 
UT> ±BftSSflMft«>4Mt-9-Y ( (n) , Y, (n) , Y 
,(n) . Y u (n) i^WlOO^LfcfisiC, 

(n) tcs-^-c. _kiE*&w&i 1 3Kx*)m^mmmm 
m7 5] 



= (c4(n) - eo(n))*/4 + qj(n), ft = 1, 2, 3 

= (c 8 (n) - c«(n))(* - 4)/4 + e«(n), ft = 5. 6, 7 

= (ci2(n) -cs(n))(ft-8)/4-l-cs(n), ft = 9, 10, 11 

= (co(n) - c 12 (n))(ft - 12)/4 + Cl 2(n), A = 13, 14, 15 



[0 16 3] Sr=fT5o *L-C, ^©i»^«M»J!t{C «fc 9 
Xtbtc&MCAn) fc^-Aft^Y, (n) , Y, (n) , Y 
, (n) , Y t (n) , Y 6 (n) , Y 7 (n) , Y, (n) , Y 
io(n), Y„(n) , Y u (n) . Y M (n) , Y 15 (n) KfH 

lSl±§*5rtm5. 20 

[0164] #*3, ±|BtftW-C»*ft*^tf 
*fLT,*H £ U^5S^'fbTSl OOSrH^WJ^It. *^^r 

c>moft&mffim<z>&m-%-iz.Mvxteffim%£i 1 osrH 

© t * tc«:H s U«»3S^'fb»Sr^ L-C*HHS<ffc£r*TV \ 

&C k (n) *rWfflL-CflHHMb«rff5 <fc5»-«^LTt> 
[0 16 5] ±IBS«^-^©M!9^S:g£«-r-5 
Kfll L , w ©fi^§- w^tf jpftt v-^/VgUKD b # hfciRI 

k (n) Srlit±lLT«-§-^ll^tT5«k5(-«?^bTt<t 

l\, 40 

[0166] ^(D^.<ommmm) r©3sigi*_h 
I5#iijs^<ig(cpfi^snst©-ei4/ < cv\ #1*1*. joe 

G^MPEG 2 x MPEG4/j:iftcmS^n-5iJl^fe^-§- 
fbtCfc^Tte/BSftSlti^lM^lfe (DCT : disc 
rete cosine transform ) *5<fctW5»8tffc=i1M' 
(I DCT) &&mLtc->*TMZhmmTZ>Zb&sj 

[0 16 7] OFDMfii^fi»|C*3V^t, 50 



I DFT©ttfc>9,C I DCTSrffiJBU D F T©ft 

ta«*li*fc««Wl*i its 

ttS^t&So #38KI*r©J:5&V;*^A,;i'b5®ffl 
«TIBt?*).5o £e>J^ aHMSIlfcD FT «:«:.*» gfKBi 
»c I DFTSrtaitSiXX^A.ct., #3891 f*3§/B WIS 

[0 16 8] ii^m^Si: LTiftir-f^ 

& (DSC) *>T^— A*gfc, f*-7*W? f^&ft 

[0 16 9] «IH»«©iiiai8»)14Sri«»5#gJ:t 
br striE#*JS^-ci* 4PSK4 t*©ei£is *) ^-^v^ 

iatt)iv\ ^&©te> aWCSSSElfe»J:Wit3!Eae«©« 
[0 17 0] 

[oi7i] *fc. iM«Ke©^ftii:5J;^^ift©^^ 
tciei«7^/v^srKtt/tte©^»-i-j;tn*, inm^a 

©iHjgS^©^^^**©^^^ C5 d t < , 



(20) 



tfrm^l 0-247889 



37 

[0172] se>(^ &mmm<o&mm&&&3im<D& 
[gi i ] z.<D&mz&t>zm^mmi'XTJ*<Dm i © 

[0 2] |gl 

fc*-TEH*:7a ^0 O 

[0 3] El 2 K« bfc^^ A<D»fHRWK«ffli-S 
fc#><E>0 o 

[14] 02^ bfc V^-r AcDft&Ot&fmW^ffl 

[05] £L ©*WC#b5«ffiS^fAO* 2 © 
*«»tt**i-|iIBS^n ^ ^ 0 O 

[0 6] M 2 <DH«»fflK:fert* Aco-JK«^ 
Sr*-riHI»^o ^0 O 

[0 7 ] ^(D%H(^fc5Me^7A(Di 3 
**#R&«*1§ll&:7n > ? 0 O 

[0 8] is 3 ©«at«jttfc*5^ z>m<Dm&*mTmm 

[0 9] OF DMfeSV ^"rMs <nmj&<0—m$:7F-t 
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[0ii] ftx&m&mmwtktt&tiim vtc^xt 



11, 12, 13 
DFT) 

21, 2 2, 23, 24- 
21a, 22a, 23a, 

2 1b, 2 2 b, 2 3 b, 
10 b 

3 1, 3 2, 3 3, 3 4- 

4 1, 4 2, 4 3, 44- 
41a, 42a, 43a, 
41b, 42b, 43 b, 

5 1, 5 2, 5 3, 5 4, 
(DFT) 

6 1, 6 2-S«7^^ 

7 1, 7 2-^yf^y^« 

8 3, 8 4-7^/^;^ 
20 9 3, 9 4-aM»7>f^ 

1 0 0-W««WH!©«KI« 



1 4, -fasiwfc^-yaaeKHB (i 



atam-iffwaeiJMS <p/s) 

2 4a -T^^>^A« 
2 4 b"-^^Ao|]Bll2 1 

KM-a&MaMi (s/p) 

4 4 a-^^Vi^^^^ 

4 4 b -^zf/vmm^ 

5 5-d»7-yx; 



101- 
10 2- 
10 3- 
1 0 4-jftJHK 



[010] O F DMia l)ft^filf «F^f * 110- 



[01] 



Xo{n>-H 



Xi(n>— 



X2(n)^ 



X3(n>— * 




41a- 



"o("). 



|v 0 (n) 



Eo.od) 



wo(nj 



fa 



«i<n) 



! — - 71 - 



yo(n). 



41b 



yi(n) 



— Yo<n) 



DFT 



2^0 



[04] 



XM.i(n)~H>fH]-^ |FM.i(2) 




^25 



x;f Hw| 45m] -Yo(n) 



— *Y,<n) 




Yl(n) 



Ym-i(o) 
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IDFT 



[02] 



z 1 



tM 



-22P/S 



12' 



42— 



42a- 



EftOtt 



in 



yo(n). 



yi(n). 



6? i 72 



42b 



DFT 



[B81 



yo(n) t 

yz(") 4 
ya(n) i 
y4(n). 



A 



DFT 



Yp(n) 



Y 3 (n) 
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— I 



-1tO 
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100 ! 
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J— Y N .,{n) 
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1 do 
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[125] 



Xi(n>^ 



23a 






[El 6 1 



I 



IDFT 



I 



qo(n) 



xt(n) 



tK 



Ri,o(z> 



qi(n) 



xn-1 (n) 




" 2A P/S 



t(n) 



24a ) m "*4S/P ¥ 

X 

jyo(n) 



uo<n) 
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[MB] RAM«rfflv^>M3effl#aMMl5»fcj8V^r» 
HlS*J*«>;tti*Jfcfc*:» <ii4<, b V- s> jn* 

mvt^m] yv-~>?#f, ms (a) t^-r^- 

T K^adrsi te^&HflMcfcST Kl^comp(adrs) 
^m-Tx-^rB^. ^-^Hl^ffl^H-^[HlB&5 4, 5 
5 *J8vvrJE*f1-$. rA, rB*5JtZ^Lfc«, ftUftpft-g-c 

So 



13 
tt 



ll is 



111 I 



< 



■ — r-* m 

i— < 
r-ft «-» 

i /O r 

u 



CD 



A 
ft 



in 



=1 U> 




(2) 

1 

[111*9(1] A*^-*©8»3B***wfr*-'«< A# 

^(omm-%twj&hu--^ym-%-t* io_ 

w — K'< y * 7 4 booMia^ * y © 

maSx-^cDHtr^HT 5 «fc 5 Lfc«**BlSWfc»-C 

je*n-"*# wib^*^-^ zm&-t z>m-t * y r k w 

T Kl-^JciU^^^SfflrlH^^-ycom^-^S:, 

* y T K i/xo^tcj; t) JgS^tuS WI2^ y ©sjf* 

mm-eh 5rt Sr#fR t i-5W*« 1 lE«©¥UJt«SS! 
[lt*«3] WISm-^M^-^^^tti^W^tt, 30 

=• v ?m 7 s — 9 -Cfc 5 r b t -r £ f»*fi 2 IE«© 

[UM?«5] A^-^O&^^SrSSHblMKA;*} 

W t . tfIISA^m5iSi^<0^!g:gi5^^klS**-r 5 t 
*lc|fr|EA^JSl5iiS^<o^^^Sr^5fe-r5fcJ6©^ 
^t*— -=e y -Sr^rt-S 7 -f — H>< s> * 7 -< 
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2 

z}i%fM-RT*m-* * y r k wxm ± •) wjesHsm 

[»*:«6] A*7 f -i5'»SSt^^Sr^k1--<< A^3 
b. ffl&7-4 — Y7*y—Y'7 4/\'?bm%Z7J — Y/*- 

y?-7*</\>9b <onm-fe-f§r&3u8.-rz>ijm^m b , r © 

xb, Z.<Z>m-'?i*rVTYUX.bMM<?>m&K3b2>m- 
**VT Yuxb&Z.&i.-fZx.TiyT'b, 

[000 1] 



(3) 

3 

1 <DXhZ. 

[0 0 0 2] 

*»»»*>W*«3iaWt««>-oi:bT. RAM 
A7^t^^^!)) SrffifflbfcRAMDFE (RAM Dec i 10 
sion-Feedback Equlizer) »S£>»K Kevin D. F 

isher et al. , "An Adaptive RAM-DFE for StOrage Ch 
annels. " , IEEE Trans. Commun. Vol. 39, No. 11, p 
p. 1559-1568, Nov. 1991lcH^$tvTV*5 •) , -©RA 
MDFE©«tB&Sriai 6 fc^LTVS. 

[0 0 0 3] Ell 6Sr#M-TSt, A?Wf 1 8frb& 
& £ i%tcW$itg^<OA?J7*~-?te7 4 - K 7 * <7 - K 
r^/P* (FF) 1 l^A^>$n-CS^mi:&^(DMig: 
tBStfBfcSSJv, anlSS&l 2<D-A73i&5„ 

[0004] r ©in»« i 2 <Dft&A/j(-tt, W£M&& 20 

^O^igtgB £ 5 7 F>< yt?><)V9 (FB) 

r<o-iitm^m^(4^^?'^i Q*fr\,xmm- 
m 1 4 o-atj t * 9 , am** 1 2 (oummti t <o»m 

[0005] r©i8ijS^£ 1*7*— 9<r>T£y h htf> 
S&lttlH Srft5il^f 10^t 

^A^J^HTV^. i©7-f- Y*y9"74fr9 1 5tC 30 
[0006] f-f ^^iate^fiOiE4|:««cO±#tC#o 

m-%<D£it&, wj&mwmzi&: (dfe) t;:±»3&# 

[0 0 0 7] r<oi# x _B£<z>*q<, x?W£.m 
oMR'ss' K©S4fltfttt, f$-£WTi£tf*» 

^SrKf5fei-.5fc«)Jc, 131 6lc*5lt-57^-K^s/^7 
W/W^ 1 SfttfJ^s^tfi^©— 95*fc«^:ei5S-, RAM 

oTRAMDFEi?*£;ft,3j?r£* 
[0 0 0 8] mRAMDFEm w^is^ 

M<Dbl'—=->y$bft1> i ?Tt>h2>, -t^-CN B) 1 6 
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4 

4At*7-f— ]?✓<;/* 7***1 5^**tt*&i-5«tc 

[0 0 0 9] r<D}HftRAMDFEte::}3V'>-Cte, 7* — 
K'<3» ft<Z>R AM(:iiB@:£;ft,-CV^7*— * £ 

D F E_*#|*i-S>W*# 1 3 #-0PNj£& - 
£*VCV^5lf#, #RAMIi^2©N^<Dlf 

[0 0 10] r<DraS*^-t-5fc«><D^*^i: UT 

i*. man. #i¥3- 4 9 4 o 8^m\m^<D^m 
tmmztix^z,, mi 7\±z.<Dtaffi<Dffif$.&m-f7u 

?9mx$>Z> 0 i©flt»SSWtt, 
&K5*«TfB&F I R7^;v^ (311631^8*13 4, * ,y 
7^7WS*1 3 5, *»S1 3 6&IWPJHB1 3 7) 

#*S^£*fc&*'BrfBfcRAM|§Ig& (->7h^ 
*13 11, RAMffl 3 1 2&U9)nimi 3 1 3) b 

[0 0 11] F I R^/l^tp;© 

m^<?S'7'<7*'f ^$0«£m£rRAMl 3 12^ 

[0012] ^ 1 3 ltthW- -^^Kif^^tcAAm 
-J§-£rF IR7-f;^-s«U T-ffcmtumtpteAt) 
mf§r&RAM\B\9&^mi&-fZ>X'f y=f-Q&>%>* 13 2, 
13 9 teiPi?^ 13 3, 1310 li^JSSx 1381* 
9 y^^^C^^miSk. 13 14ttr-7*;v§IE@(!SSr 
^^*-To ^©EllSoftf^WWjWttWWi^S - 4 9 4 0 

[0 0 13] 

[^^*5«^L«t5 t-r^^S] El 7{C*bfcfi§^J 
©KltLTtt, jS^RAMT'-^cOfiiC^Si-eo 

&<>x®&mm&Mm&*:-rz>zb&mfbti 

[0 0 14] *^^<DS6<J«:, (HUS^SrJtA^-fr^r 
AMD F ETj^HMJ^ 5S^^fcg§SU«^»^fc;^Jffll^ 

[0 0 15] 



(4) 

5 

(DfEmmm**fc^ fern**})* 

^bTioWM^Ii:, iKtfESg-^y 7Kw«)*fc 20 
[0 0 16] #3SKK<fc*Lfc£, Xt)7 ! -9<»®. : m 

* t ttfiE^ -< - hv< •> * y ■< 1^9 b (oimm^zzus.-r 30 
zum^mb. z.(Dumts-%b v^-^^m^bom 
m-%*£.)$.-tz>M»m&>b&'S^ z.<o&m#timh 

u*-->?m-%- b SrMIE7 4 - V 9 V 4 /W*~{fef& 
YU*bm*t<r>§mKhZ%S-**VT}*i'Xb*±)$. 

-^i/tijf^^i*, tfrisgr-^yr h'uxowzxvm 

[0 0 17] Htd, *5§KlC«ttt«, ATJt*-*©^ 
— K7*!7- K7^/w*£ % ttiEATJBiit^^ 50 
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mm&mtfc&Tz bmzmuA?jm$i&i3&<o#M : B&. 

* t wiE7 ^ - hv< y * 7 -< >v? b (otimm^zsLmrr 
^im^WLb. ^.<omnm-^bhu-~>9m-^b<Dm. 
m^±^.-t^m^mb ^(omm^bmmh 
\s—-is?m j ftb*mm7j—Y'*y?y'<>i'9 — 

UoofftlS^ ^ y <o^*-x— *<dH#t-Ht 5 <fc 5 C bfc 

— ^^e-y r yux b, z.<nm— ^*y r K^tw© 

r^f&-&tf!&-^y T KV^tcJ;t?ie^^tt 

U-=.^y'mi¥Zl&T-t 5*^5/ T'tSr^, KTIEJII— 
SStiE^ y ©^^-^ SrMSrffiiJWi-S^T' y 
[0 0 18] JWSWOf^ffl^JK^'S. ^x^r^^S^ 

{C, r©7 t^*fOS0#(cfc^T KW^^fcl^NF 

<t •Jffl^^nS^y'-^^. ^V^^^*)•i[^b<iRF 
[00 19] ^tLT, =Vi/tt^(c*5»tS^-fk 

[0 0 2 0] d t{C«t»J, *^<0^1<DM-— 

[0 0 2 1] 



(5) 
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[0022] *&w<oAfcfb*j:mi&m&mw-tz>fcft& 

[0 0 2 3] n^-?. il 2&&m-fZ>b. S^IB^I? 

"AMD FE^AA UTW-f-RI^P^SrSft*^* Otf fcS 0 
[0 0 2 4] r<D#^ N RAMDFE«t57^- 
K7*T7— K7^/P^ (FF) 11^7^-K/^^7 

-r/w^ (fb) 15 (Hi, Bi6#S©rt) 
ttfcfc, RAMDFE(Z)AAS4ffh (k) a*H12© 
«fcmft80£tf>«MC. FF 1 1R15FB 1 5(D#tttfjJ&S 
H13(D£ (k) (k) fc*S«fc*^«»6 0 

[0 0 2 5] RAMDFE^W* z (k) (3 

HI 3K*t«4^f 5^^0«»k450t, flr*^ 
^/vo^Slffiw^i-rs:: t(cJ;oT, HHI«*1 3d 20 
fcv^ifs/ h£> {±1} #«e"HnBfc2fe5. 
[0 0 2 6] tr^-e, URoBKIt*^ ^^Hdfe«# 
(Hi3<of (k) ) (ctt#j»jgs**s-&*ixrv^5r. 
£dSfcS 0 «Jfci-5H4©FBrtfc«lt6>Hfc**« 

£>:}XTV^S 0 «»f5H 1 ©F B 1 5 ftORAM^6>4 
5 a (k) , a (k-1) , a (k- 

2) *gB-T«#v*tt«r*-S. r©»©A**ta 
(k) , a (k-1) , a (k-2) 

- 1 <D\,^-rtij&><om& k % (rttr*tWBA*fli*35SBHi[ 30 

[0 0 2 7] totm*£flOA*TO»^:li, 
HI 4 (A) iOTt«IC8I9S>5o r CO 8 il «9 CD^A 
;^m^<D;&^l£;#LT, RAM**SBtt, HI 4 

(A) Odat a<0^JfcL*Lfcte«r«-J§-v £ Ltffl^t 
So d a t a^tc9Lfc8fl£>ttM:* *^J(c*5tt-6^ 
fttRJSe «ratKUT3fe«>e>^ f (k) KL-£* 

tt^#^3I^^B*±*r5ltt(C?ioTVN^ 0 HI 4 

(A) Oadrstt**«<DTKW*T?fc0, SflOAAffi* 

r A (adrs) <— r A (adrs) -//R AM • e 
rA (7-adrs) ^rA (7-adrs) + v RAM 



[00 3 3] r r. -C#S;<D r A (adrs) ttT K W^adrs 
(-*&^$^^TV^^^$i5y ^ -^-e*>^ 0 HI 4 (B) J: 

T r A (adrs) =0Tfc^ o 
[00 3 4] »*0O**»^(& A*«*a*4R«c ( a 
(k) , a (k-1) a (k-2) ) = (+1, -1, 

-1) -ehotLk-tZo r.OA*«*©»|ii*tJtSf *T 



50 



[00 2 8] *>/cC^lC x H 1 4 (A) <D d a t a ft, 31 

60 *fc, 7K^^)Wf (HI 4 (A) T* 

w*8r* Ev*te3R#T K^iPfJfr fcfci-S 0 Hi 4 

(a) *m x r ku^oiit k^7<dmt kv^-c 

So 

[0 0 2 9] ST, HI 4 (A) fc*5ivt\ adrs^Ot 
7$z*<Od a t a : -0. 39^0. 1 8 fc*. ti&Htifi 
*ttWJfi<d»oW-»«Sil!lcttoTV^6. adrs2S£ 1 i: 
6, 2 £5, 3t4^^da talcov^tl^liffc 

or K^of-^u, «*Mi[*jfc«ttiS< *F*a*a!ic 

[0030] rO7K^iT-^(0tt(Z)i# 
SrfU/BLT, HI 4 (A) (Dt*— ^fr#S£'t*lCi&K& 

£#££0 ::-cFi/^y»^it ramdfe 

So rti«f^^^d^©»4«tS:RAMDFE^J: 
o rftS $ *S n t fc X 9 ft 0 o 

[0 0 3 1] {EL, bu—~i/ym<D : T^x?w±m-% 
o/j:asSo 

>?Wiftl b M^-^^^»f^2^(c^ltSo JUT, 5fe 
h u-~is?W)ft 1 Srftt^i-So ^v^«j^l 
(DlM^tfj:, SR^SBOt 5 — ^^ttHl 4 (B) 
Lfcx— ** 5 irs/ (^n) 0 M/^y^i 

(1) 

(2) 

*fTKW^6(c|ab^_blE^; (1) , (2) ©Jftflsa* 
tTfc^So ^#;b*>, 
rA (1) <-rA (1) -j/RAM- e 
r A (6) <-rA (6) + ^ RAM - e 

[0 0 3 5] rW^aij:, EVMCW#TKW*<DBB« 
CfcSTK^Of-^^ 1-^I/iRAM' t felt 



(6) 

9 

TlKi:, ***P5*-*ttBl 4 (C) lcMKt£*) s L 
8 [4l[X3fc US h hj t-mt^te 

< ft 3. 

[0 0 3 6] 11114 (C) frb&frZ>m^ ElM^ZMt 

[o o 3 7] h\/--^ymft2&ft5 <> h 

>y®ft2K&ttZ>mmU7 i —-!?<0%)Mm-A, b \s—=- 10 

^rWWtKomn&fcXtr&Bi* (B) <n%m.Wr 
(i) «rjK«or3K»ai#fs*t*. r©^* 

[0 0 3 8 J HI4 hV- =>^»#2I4RAMDFE{C 
[0 0 3 9] ^©S*f4. 1-v — ->?W}i¥l<DWlW<D 

mx^i,tcm^ b -^^i&f^i idiov^i4— n#*g 

«gPx-^Sr, *j&S-tfjftg«-?fc5igi 4 (A) (Ot*— 

tt5o M^-^Vj/»f^2-e[4— B3*Kc:— {H^^gP^ 30 
^^-^14^1-^14 (A) <D7*-*KjfiVMif 

[0 0 4 0] flCbW ->?mttltdl1-&ftoX\,^tL 
©-e»4, ^«^-^Sr^i»^^^5fe-t--5Bll 4 (A) 
<»x— iR^^iirSr: i(4-C#^v\ M^-^y^i 

(DH^©A^«#©te^~e: (8>if9) ^*tc^>$ 40 

[oo4i] h ^vm'fe&m-b bx^Htf, 5fei* 

(B) (Of—ffrb (C) <£>x— ^MffU Site*®** 

5. iftte&jj&lMj&B^-efcS (A) (0^—9(0, rs 
*I4, ^jJSjg^i&tt^ifivMiiiftSj iv^5tt®& 50 
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[0042] etJb©Jsa«r«**.T, mrtt&mom 

mr-h<0, mi 6 i IH^g|5#l4P3— ^F#(C4«5*UTV^ 
So Ell (401 6©RAMDFEiHSS<]^llI— 

m i -m, mmr 2ot mmmMm 2 6 1 -srfl-jn l 

[0 0 4 3] lMfi£Lfc*n<, IE®IBffl<07V*;flE«itff 

[0 0 4 4] Kw-^v^tbf^loPBMfdC:, flj«gf$2 

0 ttlMfPflr-g- c 1 (£4 t) #fig«-§-»^« 1 7 iz. b W~ ~ 

4 ►) 1 6 £i» 1 B-SBtt-rs. XKMfm 

2 OI4f&IWH§-c 3ld4 9FB1 5ft©^yf5 6 
(12 5) SrON^flSti-S. JEtc, bv-->^mrpl 
©PBMttlCFF 1 1^(47*^ X^S^St^^^/V^. 

fc, FBI 5(C{4, S^iSt^OFF 1 1 <DI&&ffi&<D'& 

[0 0 4 5] &L±<DftmMl>*L><DfflfflRXfFF, FBiO 
^#tt©taSS-^Tofcm, lalt-*5V^-C, FFlll: 
J4DFEA7Jffi^-d^7*vf ^^S^m-§-h (k) *5A^> 

$tv?>c rrtckt4s^tf-/ bmz.tt£i%z>t$m&m 
t. ffi nc^iNTh (k) ictsMft&m&mm&m. 
Ammztiz&ti:tim*mz*iz>. FFiicow^ft 

-^-f (k) }4FB 1 5<DW^ft-§-g (k) kUmZtlz 
(k) t^cS. 

[ 0 0 4 6 ] mt&mtW®9& 1 4 -Cf4 z (k) ihl/ 
-=V^^ija (k) d^^b^e Srtf»L, m 
SrFF 1 1SU?FB 1 5^W^Ji-^ 0 FFI 1MFB 

1 5 -CJ4, £ tr^^i^t Ut#7^/^©fil»tt^ 
J3*P<Z>LMS7VU=ry XA(C4oT$lJffl)$tbS 0 hU- 

=v^tb^i©^, EIl^*5v^T, &mm-%-m3L&i 7 

0>/<9—ls%km {a (k) } -SrtiWU «^-lB*^f4 

h u-^z/ym&mm^&mtmmuwmmi 4^f 

B 1 5— AJjZtlZo 

l 0 0 4 7 ] WUR&tt-Jltliltt 1 4 TJ4, a (k) - z 
(k) ©tUfcfeftSre (k) t LTjlM^ 1 O^ttit) 
-TSo ^oT. ^kta^ £ ^05FB-<DA^ft#»4, ¥U 
«#13tr«B«J* (^J^tXO^IV^ !R|^*sfr*P^fe 

s-g-offlct^^o ^©^*, «-7^/w^©e^#^4, 

[0 0 4 8] hv- -V^Hf^l »4FB<oeS#ttSr@ 
Po r^fefeM- — =->^«if^l-ei4*^W^4SFB 



(7) 
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[0 0 4 9] b\s— -Vj/ftf^l I*. HI 1 ©JR^flJ^SS 
2 6 diUxmo^TSrW^-t-^^-eff^n-S. h V— 

^»f^l»ll»7Sr«IW»2 0— *P6>**. r©&, 
— = f^Tttfls 2 3*fTfc>*b5 0 
[0 0 5 01 M^-— ^^Tftffl©l»Tll, hW-=V 10 

"^tfjf^ 2 ©n*MftK:\ s i ic*5v*t, mm® 2 o »tntp 

3KJ:0FBSr1WWU FB«©RAMDF 
E 1 1^— cDtbffJSr-r 5 <fc 5 5 ©F B rtSB©*-!' 
5 6SrOFF^^#^S 0 t-V-- V^W)f£2 ©W 
s^l GttMKPl BfiO^i^^ixfc** 
rcO^M/--V^»f^2>l:H^-r^t> FB 
©«*»*» * MMM34i ft- 5 

[0 0 5 1] hv- =^»ff2iiH'- --^ymf— 

© w^^iftT ufc e> v (Maw 2 o nwsm^- ciiao 

^MfMSnicM^-i^?) {a (k) } © 
^ftfJh**, c 2K:«fct);*>f jy^l 6Sr«IHF-l Affil 
^SH»i-5. file 3«3EH^H-f FBtthw-=y^ 

w (j ) <-w (j ) +h (k- j ) 

j = 0, -, 4 
u (j ) <-h (k- j ) • w ( j ) 

SS2 2^|i|A$)fl5. MFF©ttlJlE-3ei±lE 30 

-i6tTa«©ttH*>6>, ^yms.bDFKmtim^m 

[0 0 5 6] 04IC, #3gWftH9i-f5FB©A##l.!ft 
^-To FB|ti§M^4 1, »9tffi4 2, tvf&m&k 

*SV^FBA*jflN9-a (k) j»s«H ! -4 6a»t>A*S*L 
5. 31if*^4 l©$16K<fc?> a (k-1) , a (k- 
2) , a (k-6) «s#W«kl!:*SV^fiy«S^ * 
b (j ) ( j ) + a (k- j ) 

j =3, 4, 5 
v (j ) -a (k- j ) • b ( j ) 
t«9t#y/tl«b (j) ©JE*H«*tttfJflr*v 
( j ) . j = 3 ©^J5E*S^T*>^5. 
[0 0 5 8] Jfcfc, *9in«r«|ja-r<5FBl'99R«8|SfrH 
5*»fe9*-C«r«V^T»JWKllM-r*. B5 (A) fc, 

X*t7 Kv*£/5g|§IK5 2, 
5 3, ^»tfSi|HJK5 4, 5 5*»f>/i5o HflWFBA 
^3m-§-a (k-1) , a (k-2) , a (k-3) «T 
K^dfej*E»5 l^AASil. ri"T?«nE*fll*tt© 50 



• [0 0 5 2] rtuf>©t9:^J; t) N Bl©Wfe#13© 

{a ' (k) } imoaMHN9imm\ 4&t^f 

B 1 5^mt)£tlZ> J: *©«» g]l©DFE 

tt^W^^©^— ^^©W-^-ftftiaUs *5SK©RA 
MDFEtt*aSi«©ff-S§-£ LTa ' (k) ftttWCT- 1 

[0053] 0 2 IS 1 ©F F 1 1 ©^^Jft^-To 

f f «a® 2 1 , tmm 22, * y -rimmatm 2 
3a»?>#j«**L. 3831*72 ixtf*oia*>e)M 5 

3*s^5$*bS. 

[00 54] y :^IH©flH3*«*tt 1 If y h VGSk 
»^l*tea»6>h <k) , h (k-1) , -, h (k- 

4) # ^©^^^©dfejcjbv^ 

*i»SFF©#|j*i:ra— ©jglS«HWMBSr»ofcF I R7 
-f/^t?*>S 0 FF 1 lfifflBM — sl^f&tfs 

— ©*>#ftfr5. 

[0 0 5 5] H3l!l, W>2<n>? y7mm%1&2 3©f*3 

«B©«figft^i-c * -7®msmi& 231: h 

(k-j) , j=0, 4©ftb^ltZ*JtS«»C/z F 

f, «<tia^£ «sa*$*i5o i*T,e>*»e>H3©jDin» 

12, SJIS3 1, 1 If s> M$W»KS(HP3 2Wot 

• (iFF • e ••• (3) 
... (4) 

^rtb?3©5*»a (k-4) , a (k-5) .Rtfa (k- 
6) «#*©HfiO^ 5-/ffi*I«S4 3 ^ a (k- 
1) , a (k-2) Jttfa (k-3) B«««4 2^A 

(k) fta ' (k) 

[0 0 5 7] FB 1 Sto<0-=M<T>9 yr/WSl&k&mSk* 
3fcfc, l3©((FF§(iFB|I, h (k) fta ' (k) 
*fc«a (k) (C, w (j) ftb (j) (Cft#*.fet>© 
-CfcSo «ot, H4©#^y^««3RiH»-ett, 0 2 

© * ? t-^^^s t mm. 

■ (i FB ' £••• (5) 

• (6) 

[0 0 5 9] {a (k) } , {a ' (k) } M£e*#fl| 
AM *WRtt 3 *©-e, 7K^®li8t45. TK 

u^dfefiWg»-ei±AXi«*it«: {±1} iu r^© 

i&bT Ku^t©§ifilftSl 4©«{c^i?>S. ifii, 0 5 
(B) lc^5t5©^gP©^a ?^i*##tTM^LT 
V^5 <> 



(8) 

13 

[0 0 6 0] Ell 4©adrs<DjttO, -, 7*S7KV^t 

2 -?fct|*|[H]l8— <DA;Wf-5|-adrs= X (^*f LTcomp (adrs) 
= 7-XSrm^)-r-5o comp(adrs)hfc, adrstcttiS-f-SH 
®©FBA^'ft-§-©«aa (k) , a (k-1) , a (k 

-2) asjfcsi^ r**v6,^r©fli*«rRte (+ i — 

1, - 1->+ 1) ZltX&bivZm-%<?>®.} fcMfc-fZ 
T KW^CJieoTV-S,, (a (k) , a (k- 

1) , a (k-2) ) = (-1, +1, -1) ©Bfadrs 10 
= 2, comp(adrs) = 5 b ^iSo 
[00 6 1] adrsStfcomp (adrs) iiy*— 9 * * y 53^ 
W^JStbSo f-^^^y 5 3tt8i©RAMr-?5r 

KA5 3£.tfH3B 5 4 fc#fc«IW-f •5«W«r**:i-. E* 
T> f-***!) 5 3©B«Ute«HfirH6ar#flHbrfT 
5c 

[0 0 6 2] 06Kx— ^^*y©#J««r^i-. t 5 -* 
^*yiJRAM6 1, ?—9WSmi&'o 2, li©7K 
W*MiR[§ll&6 3 a, 6 3 b. #Pif^6 7, il#^6 8 20 
*»e>«J«**U*. M — -^^t&f^lSrPI^-r^MtC, 
0 6<DSET4$7-;S>e>RAM6 1 ^llO^RAMf-^ 

RAMf- *tOJMt£dataO, data7 fc^S. 
©RAMf- #\-£Z<Oim-?T KW*0, 1, — , 7 Ml 
at5RAMf-^Tfe5„ */cfWBp{f-f§-c 3 {CJ; «5 121 
5©^?f5 6SrON^i: U B2«fi^©AA 

[00 6 3] Hs-->trWiftil>W*hZfrZb. 06 30 

"cram 6 lfto^-im^-^ii&iHi&e 2— ran* 
icm^^So 7*-^^miS6 2«, adrsssh^^a 

;ft£;ft5T K^-C&SadrslCJtfU ttliET K^* i: — 
fW 5 T K M&*fi£ fix V ^cR AMf-^ f£(7 Srii 
i®£it\ ^itf>SrDout 4$fa»£>F BtH^j t LtOUT 

[00 6 4] 0 6<£>T KW*31«lHlBg6 3 a, 63b* 
fct, 4S7-A2, B 2^f>RAMf- *©^9"r— 9 
ArA, ArB*SA^3$tt5o h t—^V^Kjtfz 1 <OfWte> 
0 5<D*^ 3^5 6f*»W{I#c 3^<fcDONt^«8i:$ 40 
*V5<, 5i#llH]B&6 3 a. 6 3bt?l*ArA, ArBSr$$f-D 
Oout, •-, T>lo\it<0\^1ffrt>^m.K>ftttb1nM'Qft\TM 

[006 5] =g-jSlft8g6 8 — CO -ficDA^^m 

»d-j:^#«Ei-&. ttl#»#^{c«, 51«S6 8l**Pgt 
«6 7-n-v~<^§rffl;f>U ^#cO»-g-(C|i^«6 
8«i#^A^*^fc^^-^Sra^-t-5. ##D|§£$§ 50 
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dataO , data7 tSrSP^., -£<D#£m£R AM— ffft 
A-t-^. 

[0 0 6 6] iifcKx-^jliRlHlBae 2, T KV*»Kia 
fS6 3a, 6 3b©iM07, 8 Sr#fig LTRBB-*- 
5„ i7(i, f-*3SiR®B&6 2©rtgB«/££^1- 0 it 
^71^ ADRS4&f<fc *)T KV* {0, -, 7} # 
AAStv§„ Jfctk&7 ll*e#— OA^ltt^SVM^L 
V^»^(c|*^ w^Sr^- h72 -ffl^ U * 5 -C4 
Jtftfia— V^/V&Jf—Y 7 2— j tH^S. _ . 

[0 0 6 7] 0 7-CDOin, D7in **<£>*£ 

fi^liRAMf- ^dataO , -, data 7 flS^— h 7 2 

-tA^^s. *^-7 i*^y-h 7 2^<»<m j %m* 

^ h 7 2liAA$^fcRAMf 

-^Srjlia$i3:^«7 3~.«2nr5 0 HIT" 7 1 frhm 
•7-7 2-.©m-^^i3— W</U-?;fc5l$. i77 2l4S 
-y-7 3— a-w^t/WSrttJ^-rS. rco^m, $7 7 3^ 
<DAZ)1&<0 W-VWf*— o7d *S R AMf- ^ © W</W t 
fc9«>J©re#W/M*p — l^/VijfcS. if 7 314 
r ivmAJ] V^</KD d» f> R AMf- * © l^/wfclt £ 

[0 0 6 8] El 7 (D^O^fgfi, A^3$tVfc8^S©R 
AMf-^*>f>, ADRS«g7-J; >3 At>Z*vfc.T KW^if 
tRAMf-^SrWiL, MfSf-^^Dout ffi7-d>?> 

[0 0 6 9] B18(C, T KW-*j!1!R®I&6 3 a, 63 b 

a ^^:oV^Ttft^•r-5 0 T YlsXW&m&S 3 a T?(4ADRS 
SSfA^Wrt^tRAMf- f&m-TT KW^adrs 

DinSfi^RAMf- ©^-f— ^ ArA*^^r 
A^J^tl-^o adrs«:Jtft«7 4— AfiZtl. rr-CI4# 
ItliE^cob 5-^cDA^{c^$tbrv^ST KW^ 
{0, 7} titlSe^nSo 

[0 0 7 0] -m&AJl&m*— &LfcJtfeS7 4»4^ 
— h 7 5 WiA-Sr, 5 -C^V^J4:t^5S 7 4 12^— 

h 7 5— ^—^/^mtli-^o V— h 7 5 ttJttfcg 7 

4 *»t> OW-f-^^^-Y l^^/V* ti D in«87-*>f> A^J $ 

/WSr/ll^-r'So 7KW^MIIII8©5*.6 3bli6 3a 
©SiW-eadrsSrcompCadrs)^, H^x— ^ ArA-Sr ArB(c 

[0 0 7 1] *7c, 07, 8(C^Ufc#51^lH)8Sl4M^ 

-=V^1, 2, ? ! -fiW£.t%<D\<^tv<ogi)ftmz 

*5V^Tt>, RAMf- ^©^K^JWSrBfet-tlEtlRl 

[0072] 09 (a) , (b> <d#* K.m»tmmm 

5 4, 5 5©«jES:$t. 0 9 (A) X-^Mmm^m 
»RAMb&fcmme (k-1) t©«*tt-J|t*Jv A 
rAt Ltffl7A2A^f-ii'^ ; ty 5 3©AlJg^ffl 
XlZtlZo 09 (B) T?ttlR^iiS«»/i RAMt^b 



(9) 
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B2*^f-i5'^ ; e!)5 3©BlK : f^$W. - 

[0 0 7 3] m5<DX4 y?-5 6I±M^- ->fMft2 

(B) -e^e»n5^«-^-ArBttM/-^> ; /ti)f^225. 
Tfv'—ffcmmz.iS^XteT YUxm&M9&6 3 (b) 
^A7J£*Vf\ 3K*fT KW^comp(adrs)^*g1-RAM7 f 10 

[00 74] 2 6 ©IftSSrE 1 0 fcij**-. l{K 

JftWe#2 6tefcMWfc»Sfee (k) tfAASJl* £ 

(k) <D«^><o^fli[d^ M/— ~>?mrEi ©3£T3r 

2 6 l*W*.rf1HWt-9-c 4 u^/uic-r^^i-o 

[0075] jsfetci. itoteN£»©»f£fctfcw-*-a. jR* 

¥Uje*2 e^AASftfe^WMRfte (k) *»5>, — 

MM 10 1, 1 0 2 ©Mitt** JH» 1 0 3 lc 20 

.tote (k) ©rJMt©3F*SMttE P e (k) 

EP t (k) BdmjHSi 0 3*>feWAS^s. r 

[0 0 7 6] lit. «M^1 0 2I4IS'-OAA« 

tr-ifs/ hweaww^itjitts-arrttAi-ssii^-c* 

«. 5a®^l 0 2©»Ktl 0*»e>2 O^y^e^ir-r 
5. EP £ (k) BFFRtfFBO^y^fflW^M' 

— — v ^Tttflstedsv %t if ns* •etcK*<D^«g^jg#v * 

If ?> h^:k©*iAP(C*J-LTEP £ (k) liHcfcA/ififc^ 30 
Lfe<fe£. r©«T-£El l»c^bTV>5„ 
[0 0 7 7] El 1 ttttMfefiB&lf ? MKfc LfcB#©tg 
ftiS^t (k) (OmtKD&M^ODE P f (k) ©#M£© 

^t5P«V^EP £ (k) wafe^LTVK. i::^, 

k = i o*»e>i str^ ha^c&^TEP £ (k) »t 

lfjk£o-CV^„ FF, FB<D*s> k 

= 1 0d»f>l 5 try bmK»-*5V^TK*:Lfer tSr^L 
"CV N <5 0 

[0078] 0101^0, iO»ffil0 3^P>WA$il 40 
fcEPt (k) t*#.\Z.X4 yf-\ 0 4— A7l£;ft5o * 
-fyfl04tt, ilttttO F F ^flgfdtfs, 5 if v 

0 4SrONi:i-SMPHiSrJ:»)^i<i-Srt^ 
±ot M^--Vi/t!jf^l©Ff^e2Ufs' h«cSrM«t-C 
#52^ tlT-Ctt^-r^^-l 0 4SrONt-r5W|iHSr5 
If?/ Lrgft^Sr^JtS. 

[0 0 7 9] ;^ >^1 0 4©ft;*j{f^te5lf s/ hgjl 
JR^I 0 5, jK^CSSl 0 6iaot5 If s/ hOMPB**? 50 



mmW- 1 1-203607 
16 * 

VvrtllC, EPt (5) -EPt (0) , EPt (1 
0) —EPt (5) , EPt (15) -EPt (1 
0) , -fcfcS. ri-C3g®^l 0 5fctt|0JMtti:l, 
TEPt (k) ltit'<+^#4tt^LT*5< 0 
[0080] i&gS 106 ©m^fi^-liBBIiPPJ^SS l 0 
7^Afi£ivZ> 0 Bitt^Sl 0 7»c«g|«:t LT t 1 

< ^ofc^^mtH^m-f - c 4 fc*/^ V-</Wt 
f^Sr^T 5 o BMPWJfca&tDf* 7 * h ttW fcfc o — U^Mz 
^LT*5< 0 
[008 1]^ h ls?mYf 1 KSSWC, 

k = 5 : EPt (0) -EPt (5) >t 1, 
k=10:EPt (5) -EPt (10) >t 1, 
k=10:EPt (lO)-EPt (15)<tl 

[0 0 8 2] r.©Kfk=i 5fc*v-c«J«>-clM(PWje# 

mt)cA a^»r mi ^*5v-ciR*5W3e« 

2 6 *^ttl*S^fc©Jfflim-§- c 4 fctfBlflPSB 2 0 ~-A2J £ 

3{Ci«)ia5©^.^s'^5 6SrOFF^ii~.5 0 WJi 
as, M^— -^^tfjf^i tjsv^FF, FB©Jt23tC£rJ& 

&2 6©W)f^-e*>^> 0 

[0083] Ell (C^oV>"C> M^--^^^- 
^«^-©^2 0 If y MB^^tl-TVNSi: LTV>^ 0 m 

1 l©^77©TI-/TLfciiC, b u—=-^fW}ftlfr 
^TLfcio, iOWh^y^f-? (5tf?/ h) 

S*t?> hW-->-^i!)f^2*5=fT^5o h \s—=-^lf 
2 tC*3tt S F B ft R AMD F E t P«l©»# 

[0 0 8 4] M^— ~l/y*W\W2*m£.fa J fr t *<0$?1&J& 
m&&m®rr S^m^R AMD F E ft*?—? SrJlZ^^ 

= V^'»f^2©M^tt > El 1CEP 
t (k) liMil'U. Htcr©^J*ffiiT*>t^S. hi" 

vv h w--v^fflS^-^©S$ (^©^& 

2 0 1fs'b) iLTf±. ^-Sa^tbS hW-->^tf^ h 

[0085] mc, *m9i<n9mw<DWift¥mt:Bi 1 5 

©7D-ft- hKm*3ZWiW-tZ a K<D (1) , 

(2) , - o) ©n-etw-rso 

[0 0 8 6] h\s—=-l/?Wiftl ; 
(1) E 1 ©W«t» c 2 {C«t»?^-r y^l 6 
B^ii^-f-5 (^7 L S'7'S 1) 0 
[008 7] (2) El©S<J«l«#c 1(CJ; K>^mm^ 

T'S 2) . 



(10) 



11-203607 



17 

[0 0 8 8] (3) El©»J«HSf c 3\z.£*)m5<DX 
■4 6ZONViWib1rZ (7tj//S3) . 

[008 9] (4) HKOig^l 8©f^^?±©M/ 

t?9 (^fy/S 4) 0 
[0 0 9 0] HV-sy^2 ; 
(5) 0 1 ©flJWft-i- c 3(Ct>)|l|5cO^-f ;y^56£r 

[0 0 9 1] (6) 01©Jgfl8tM'-=y^i 
6) . 

[0 0 9 2] ir-^e&tW ; 
(7) il©^^fl6^1A'sgat5 
S'T'S 7) o 

[0093] (8) mi c nzxvmmm-B- 

%»1 7^?>© hw-=>^*?ij<^dfc£f§cjt£-fr.5 
Ur?ys 8) . 

[0 0 9 4] (9) El omfr 1 8 tf-^S^'Si 
[0 0 9 5] 

R AMD FEOFF, F B £5i1^j:#tt^it5UfC£ii:&* 

ji x v\s~=-^?mw%:-mmmmz.ftrt. —tug©*) 

fNc&v-cte, F BrtRAMr-^oHSr1"' < #T — 9 

[0 3] ^y.^waWJHB^RfHBg^fcSo 

[04] 7>f-hv^^7>f^oRMH-C*5 0 * 



18 



* [0 5] (A) tt7>f— K^y^7>f^rt<Z>**a<D 

mmm^h^o. (b) tt*©«*«-c*>s 0 

[06] **{5rt©f-* y ©RBHTfcSo 

[0 7] -r— *;*^y fiof- ^s^ln)B»<oSiMig-c*> 

So 

[0 8] r-^^^y rtOTKu^WllHl»(Dtt8l3HT? 

[0 9] ^*^F^<^7 :f -^H*f[Hl^Ift^0T?fe5o 
[010] tt**l*#©R8BH-C«>S 0 
10 [0 1_1 ] hu-_~^y\?y h*.km\Mf£M*-k<DW 

[012] ^iB«w£«#©a*^o»wB^fc 

So 

[0i3] w«»3i*<b»rt<D»flr*<DKHH-e*s 0 
[0i4] #*<«©rt#©M*s^B^*>«. 

[015] *&W<D®)ft&7jk1-7U— ft^bt*fo6o 
[016] RAMDFEcD^JSr^-r^n ;y^0-?fc3 o 
[017] «^>D F E ©W^t^n 5/ ^ I"efc4o 

20 io mmm* 

11 — Y^Hr?— Y^sitV? (FF) 

i 2 *n»s& 

1 3 
1 4 
1 5 
1 6, 

1 7 

2 0 
2 6 

30 4 2 
5 1 
5 2 
5 3 
54, 



7^~-ys^y?7^;V? (FB) 
5 6 *4y*f* 



5 5 ^trUEK 




[03] 



yuRAM °SET 
>iFF 



-17 &mm*tfk2L*t 



20 

^26 fluffs* 




(11) 



1 1-203607 



h 



h(k) 



23- 



[HI 2] 



21 



11 FF 

i 

-L. . 





Mk-U 


h(k~2) 


hlk-3) 


Mk-4) 






llw 


Ik J 








x4 






WW 







46 

4c 



SET 



j o(k-1) 



-JLFF 

elk 



F j 



j JutO) |u(l) |u(2) ju(3) Ju U) 



[04] 

15 FB 



a(k-2) 



atk-3) 



25 



7 

42 



c3 £ /iRAM 



a(k-4) 



alk-5) 



41 



a(k-5) 



f v(31 Jv(4) ~ u v(5) ~ j *7 



[EB8] 



(A) 



t B ) 



[15] 



54 «#fttM§IK 




Din o 



-,uRAM 
-€tk-1) 

A'rB ) 
^c3 55 *W>5t*lB]» 



a(k)- 
a(k-2l- 



7 KU* 


\ . 


7-9 







63a 




Dout 



OEM out 



■OD7oot 




*ftBB¥l 1-203607 



[0 6] 



r 



60 

if 



r 


Do in 
Dtin 
i 


Dcwt 


D7ln 


A0R5 



>OUT 



| dtrtnQ | datoi | --- | <fato7 | - — 61 

35C 



adrs 



— -68 — 68 63a 



DO out 
Dlcut 


Din 


i 

D7out 


ADRS 


DO out 

cn out 
■ 
i 


Din 


D7oilt 


ADRS 



V 



ArA 
odrs 



-OA 2 



OA 
OB2 



comp 
(adrs) 



OB 



63 b 



[011] 



ep e<ki , 
















epc<io) ep eti5) 








^/ J EP£<20) 

: ! — f 



10 



15 



20 




[HI 2] 




II 3] 




11 



P 

18 



FF 



[El 6] 
12 13 out 16 

4- 



3 UUI II 

13E» — 1— O /C 



10- 



FB 

T 

15 



17 

J_ 



(13) 



!®ffl¥-l 1-203607 



114] 



II 5] 



a(k) 


a(k-l) 


a(k-2) 


adrs 


data 


1 

-1 


i 

-1 


-1 


0 


-0.39 


+ 1 


-1 


-1 


1 


-1.04 


-1 


4-1 


-1 


2 


0.19 


+ 1 


4-1 


-1 


3 


-0.50 


-1 


-1 


tl 


4 


0.39 


+ 1 


-1 


+ 1 


5 


-0.22 


-1 


+ 1 


+ 1 


6 


0.88 


4-1 


■H 


+ 1 


7 : 


0.18 



(B) h ->^W^1,2Sfl^Sy<7)«U«8r'-^ 



a(k) 



a(k^1) a(k-2) adrs 



+ I 
- 1 



-1 
- 1 
+ 1 
+ 1 
-1 
-1 
+ 1 
+ 1 



data 



0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 



(C) h I — ->^»f*mTD6t«GO^-* 



a(k) 


a{k-0 


|a(k-2> 


adrs 


data 


-1 




-1 


0 


-0.27 


+ 1 


-1 


-1 


1 


-0.95 


-1 


+ 1 


-1 


2 


0.21 


+ 1 


+-1 


-1 


3 


-0.42 


- 1 


-1 


+ 1 


4 


0.42 


+ 1 


-1 


+ 1 


5 


-0.21 


-1 


+ 1 


4-1 


6 


0.95 


+ 1 


+ 1 


i + ' 


7 


0.27 



SI 



S2 



1 



\ tW»«^lKJ:g*J«ffi^«<fett17*'b 



S3 



S4^ 



S5- 



S6 N 







I 














f »Y*2 



•MMI*C1t=J: U#SHS*fc<fe«17**tf> 



S9 



(14) 



mmW-1 1-203607 



[017] 



131 139 1310 *JSS 




(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 06311192 A 

(43) Date of publication of application: 04 . 11 .94 



(51) Int. CI H04L 27/22 
H04B 3/06 
H04J 11/00 
H04L 27/01 




(21) Application number: 05117611 

(22) Date of filing: 22 . 04 . 93 


(71) Applicant: KOKUSAI ELECTRIC CO LTD 

(72) Inventor: NAITO MASASHI 



(54) DIGITAL DEMODULATOR 

(57) Abstract: 

PURPOSE: To attain miniaturization by reducing the 
circuit scale of a demodulator receiving and detecting a 
multi-phase modulated wave obtained by multiplexing 
transmission data by plural carrier waves. 

CONSTITUTION: A received input (i) is separated into the 

I and Q signals of the respective carrier waves by FFT 

II and an reverse FFT 12 generates a synthetic I and Q 
signals. Then, one equalizer 13 equalizes the received 
input by setting the I and Q signals resynthesized from 
demodulation data by reverse FFT 16 to be a reference 
signal. Thereby, equalization is attained by one 
equalizer without regard to the number of the carrier 
waves so as to reduce the circuit scale. 
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